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Welcoming  Letter  from  the  Founder: 


Babak  Kateb 

Chairman  of  the  Board ,  IBMISPS-Foundation 
Founder  and  Executive  Director,  IBMISPS 
Director  of  Research  and  Development 
City  of  Hope  national  Cancer  Center 
Managing  Editor  IBMISPS-Neurolmage 


I  am  pleased  to  welcome  members  of  our 
society,  scientists,  physicians,  and  members  of 
industry,  academia  and  government  to  the  4th 
annual  meeting  of  IBMISPS.  We  hold  this 
meeting  in  Washington  DC  in  order  to  build  a 
broadly  based  multidisciplinary  collaborative 
society  focused  on  image  guided  therapy  and 
intervention. 

IBMISPS  brings  together  a  diverse  scientific, 
medical  and  engineering  community  to  discuss 
topics  related  to  image  guided  therapy  and 
intervention.  Therefore,  the  society  facilitates 
unprecedented  interdisciplinary  interactions 
amongst  neurologists,  neurosurgeons, 
rehabilitation  medicine  physicians,  radiologists, 
electro  physiologists,  neuroscience, 

biophysicists,  molecular  biologists  and  other 
fields  such  as  neural  prosthetics. 

IBMISPS  is  proud  to  announce  its  expansion  to 
Japan,  Germany,  France,  China,  Korea,  Brazil 
and  australasia.  The  future  is  bright,  we  are 
now  planning  to  introduce  a  unique 
interdisciplinary  fellowship  and  travel  awards 
for  residents  and  fellows.  IBMISPS  is  also 
planning  to  establish  an  strong  foundation 
relations.  In  this  regard  we  are  and  partnering 
with  other  foundations  for  humanitarian 
activities. 

Thus,  the  member  of  the  society  not  only  could 
benefit  from  academic  activities  such  as 


presenting  their  work  in  our  annual  meeting 
and  publish  it  in  our  special  issue  of  IBMISPS- 
Neurolmage  but  also  could  contribute  to  others 
through  charitable  and  humanitarian  work.  The 
ultimate  mission  for  IBMISPS  is  to  bring 
technology  and  cutting  edge  research  and 
medicine  to  those  who  needed  the  best.  This 
includes  our  compatriots  in  the  US  and  people 
of  other  nations.  We  are  also  proud  to 
announce  that  the  first  IBMISPS-Neurolmage 
special  issue  is  published. 

I  should  thank  the  IBMISPS  board  of  directors 
and  organizing  committee  for  their  hard  work 
on  this  congress  and  encourage  you  to  submit 
your  latest  work  to  the  2007  IBMISPS- 
Neurolmage  special  issue.  I  look  forward  to 
meeting  you  in  the  next  annual  meeting  in  Los 
Angeles,  California  on 
August  26-30,  2008. 

Respectfully  yours, 


Babak  Kateb, 

Chairman  of  the  Board,  IBMISPS-Foundation 
Founder  and  Executive  Director,  IBMISPS 
Director  of  Research  and  Development 
City  of  Hope  national  Cancer  Center 
Managing  Editor  IBMISPS-Neurolmage 
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Board  of  Directors  of  IBMISPS 
-  and  IBMISPS  Foundation 


WARREN  GRUNDFEST 

Chairman  of  the  Board  of  IBMISPS  (2007-2008) 
Professor  of  Bioengineering  &  Electrical  Engineering 
The  Henry  Samueli  School  of  Engineering  & 

Applied  Science, 

Professor  of  Surgery, 

David  Geffen  School  of  Medicine  UCLA,  USA 


FARZAD  MASSOUDI 

PRESIDENT  of  IBMISPS  (2007-2008) 

Assistant  Clinical  Professor  of  Neurosurgery 
University  of  California  Los  Angeles  (UCLA),  USA 


FERENC  A.  JOLESZ 

PRESIDENT  of  IBMISPS  (2005-2006) 

Chairman  of  the  Board  of  Directors  of  IBMISPS 
(2006-2007) 

IBMISPS  Professor  Emeritus 

B.  Leonard  Holman  Professor  of  Radiology 

Vice  Chairman  for  Research  Director, 

Division  of  MRI  and  Image  Guided  Therapy, 
Brigham  and  Women's  Hospital  Harvard 
Medical  School 

Member  of  National  Academy  of  Science,  USA 


STEPHAN  G.  ERBERICH 

FOUNDATION  PRESIDENT  (2006-2007) 
Guest  Editor  of  IBMISPS-Neurolmage  issues 
Research  Assistant  Professor  of 
Radiology  and  Biomedical  Engineering 
University  of  Southern  California,  USA 


SHOULEH  NIKZAD 

FOUNDATION  PRESIDENT  (2007-2008) 
Supervisor  of  Nanoscience  &  UV  Array  at 

NASA/  JPL; 

Visiting  Research  Associate  Professor. 

Neurosurgery  Department, 
University  of  Southern  California 
Keck  School  of  Medicine,  USA 


ELAINE  L.  BEARER 

Associate  Professor  of  Medical  Science, 
Brown  University  School  of  Medicine 
Moore  Distinguished  Scholar, 
California  Institute  of  Technology 
(Caltech),  USA 


BABAK  KATEB 

FOUNDER  &  EXECUTIVE  DIRECTOR  of  IBMISPS 
Managing  Editor  IBMISPS-Neurolmage  Special  Issue 
Visiting  Researcher  at  Caltech,  CA 
Director  of  Research  &  Development 
Department  of  Neurological  surgery  &  Brain  Tumor  Program 
City  of  Hope  National  Cancer  Center  -  USA 
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Board  of  Directors  of  IBMISPS 
and  IBMISPS  Foundation 


BEHNAM  BADIE 

Assistant  Professor  and  Director, 

Department  of  Neurological  Surgery  & 

Brain  Tumor  Program 

City  of  Hope  National  Medical  Center, 

USA 

ELIZABETH  BULLITT 

Professor  of  Neurosurgery 
University  of  North  Carolina, 

Chapel  Hill,  USA 


JOHN  PETER  GRUEN 

Associate  Professor  of  Neurosurgery 
University  of  Southern  California 

(USC) 

Keck  School  of  Medicine,  USA 


HENRY  HIRSCHBERG 

Professor  of  Neurosurgery 
Rikshospital,  Norway 


VITTORIO  CRISTINI 

Guest  Editor  of  IBMISPS-Neurolmage 
issues 

Chief  Financial  Officer  of  IBMISPS 

Foundation 

Associate  Professor 

School  of  Health  Information  Sciences, 
The  University  of  Texas  Health  Science 
Center,  Houston,  USA 


KARL  J.  FRISTON 

Associate  Director  of  the  European 
Headquarter  of  IBMISPS 
Professor  of  Imaging  Neuroscience 
Institute  of  Neurology,  London  University 
College 

Member  of  the  Royal  College  of 
Psychiatrists,  UK 


JEAN-JACQUES  LEMAIRE 

Chief  Financial  Officer  of  IBMISPS 
University  Hospital  of  Clermont- 

Ferrand 

Professor  of  Neurosurgery 
ERIM  (EA3295-ESPRI/INSERM) 
Auvergne  University,  France 


ADAM  M.  MAMELAK 

Co-Director  of  Pituitary  Program 
Maxime  Dunitz  Neurosurgical  Institute 
Cedars  Sinai  Medical  Center 
Director  of  Epilepsy  Surgery 
Huntington  Memorial  Hospital 
Visiting  Associate  in  Biology 
California  Institute  of  Technology 

(Caltech) 

USA 


CHI-SHING  ZEE 

Director  of  Neuroimaging 
University  of  Southern  California 
Keck  School  of  Medicine,  USA 
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MISSION  STATEMENT 


EDUCATIONAL  OBJECTIVES 


'w  IBMISPS  is  a  non-profit  society  organized  for 
the  purpose  of  encouraging  basic  and  clinical 
scientists  who  are  interested  or  active  in  areas 
"  of  Brain  Mapping  (BM)  and  Intra-operative 
Surgical  Planning  (ISP)  to  share  their  findings 
with  other  physicians  and  scientists  across 
the  disciplines  (i.e.  neurosurgeons, 
radiologists,  neurologists,  bio  technologists, 
anthropologists,  Engineers  and 
^  neuroscientists). 


This  society  is  also  intended  for  the  purpose  of 
^  promoting  the  public  welfare  through  the 
advancement  of  Intra-operative  Surgical 
Planning  and  Brain  Mapping,  by  a 
commitment  to  excellence  in  education,  and 
by  dedication  to  research  and  scientific 
discoveiy. 


-  The  mission  of  the  society  will  be  achieved 
^  through  a  multi-disciplinary  collaboration  of 
government  agencies,  patient  advocacy 
groups,  educational  institutes  and  private 
~  sector  (industry)  brought  together  in  order  to 
^  address  issues  and  problems  related  to  BM 
and  ISP  and  to  implement  new  technologies  to 
benefit  patient  care. 


The  event  will  provide  participants  (physicians 
and  allied  health)  with  29-34.8  hours  of  CME 
credit  through  Medical  Educational  Collaborative 
Corporation;  a  non-profit  organization 
specialized  for  providing  CME  credit  for  medical 
conferences.  Upon  completion  of  the  scientific 
meeting,  participants  should  be  able  to: 

•  Identify  new  findings  in  Brain  Mapping  (BM)  & 
Intra-operative  Surgical  Planning  (ISP)  most 
relevant  to  their  own  sub  field  (i.e.  molecular 
imaging  and  or  biophotonics) 

•  Describe  the  effect  of  the  newly  developed 
methods  in  BM  and  ISP 

•  Discuss  and  design  the  possible  future 
research  and  developments  in  BM  &  ISP  and 
assess  the  possible  impact  of  such  research 
and  development  on  their  own  clinical  and 
scientific  work  in  the  future 

•  Describe  and  assess  the  latest  cutting-edge 
technological  advancement  in  BM  &  ISP 

•  Explain  ways  to  build  a  bridge  between  the 
two  field,  BM  &  ISP 

•  Discuss  and  describe  governmental  agencies 
roles  in  research  and  development  of  BM  & 
ISP 


CONGRESS  CHAIRMAN  &  CO-CHAIRMEN 

Babak  KATEB  Founder  and  Executive  Director  of  IBMISPS  -  Chairman  of  the  congress 
Farzad  MASSOUDI  President  of  IBMISPS  (2007-2008)  -  Co-Chairman  of  the  congress 
Warren  GRUNDFEST  Chairman  of  the  Board  (2007-2008)  -  Co-Chairman  of  the  congress 
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TARGET  AUDIENCE 


SPECIFIC  PROGRAM 

TOPICS  FOR  SCIENTIFIC  PAPERS 

•  General  issues 

•  Operational  issues 

•  Image  guided  systems 

•  Vascular  &  Blood  flow  imaging 

•  Intra-operative  Surgical  Planning  &  Image 
guided  surgery/Therapy 

•  Brain  Mapping  (BM)  and  Intraoperative 
Surgical  Planning  (ISP)  in  Stereotactic 
Radiosurgery, 

•  Molecular  and  cellular  imaging, 

•  Anatomy  and  histopathology, 

•  Nanoscience,  Nanomedicine,  genomics, 
computational  genetics  in  BM 

•  4D,  Neuro-mathematics  and  bio-informatics, 

•  Neurophysiology, 

•  Functional  brain  mapping  (fMRI,  PET...), 

•  Endoscopy, 

•  Biophotonics, 

•  Neural  Prosthesis  &  Robotics, 

•  Multi-modality  imaging, 

•  Perfusion  imaging,  micromagnetic  resonance 
imaging, 

•  Magnetic  resonance  Spectroscopic  Imaging 

•  High-field  and  low  field  magnetic  resonance, 

•  history  of  brain  cartography, 

•  Ethical  issues  related  to  the  BM  &  ISP, 

•  Transcranial  Magnetic  Stimulation  and 
Magneto  encephalographic 

•  Diffusion  Tensor  Imaging 

•  SPECT  functional  Brain  Mapping 

•  Biomedical  Informatics 

•  Cellular  Imaging 

LECTURES 

•  Scientific  Exhibits  (Posters) 

•  Practical  sessions  : 

•  Special  focus  sessions 

Basic  science 
Clinical  trials 
Governmental  regulation 
Cutting  edge  research  and  development  in 
BM  and  ISP 


PHYSICIANS: 

All  physicians  across  the  disciplines  such  as 
radiologists,  neurologists,  psychiatrists,  internal 
medicine... 

SURGEONS: 

All  surgeons  across  the  disciplines  such  as 
neurosurgeons,  cardiac  and  vascular  surgeons  etc... 

OTHERS  ENCOURAGED  TO  ATTEND 

STUDENTS: 

Undergraduate,  graduate,  post  graduate  and  fellows 

SCIENTIST  AND  ENGINEERS: 

This  includes  all  scientists  from  different  disciplines 
such  as  aerospace  engineers,  biomedical  engineers, 
neuroscientists  and  biotechnologists. 

PATIENT  ADVOCACY  GROUPS: 

Include  all  non  profit  patient  advocacy  groups  in  the 
world. 

GOVERNMENT  OFFICIALS  AND  AGENCIES: 

NIH,  NCI,  WHO,  FDA  et.  Set.  Insurance  Industry 
officials  and  member:  Including  all  healthcare 
providers  as  well  hospital  CEOs  and  officials. 

INDUSTRY: 

Including  all  companies  that  are  impacting  the  field. 


ACCREDITATION 

This  activity  has  been  planned  and  implemented 
in  accordance  with  the  Institute  for  Medical 
Quality  and  the  California  Medical  Association’s 
CME  Accreditation  Standards  (IMQ/CMA) 
through  the  joint-sponsorship  of  CME 
Consultants  and  IBMISPS.  CME  Consultants  is 
accredited  by  IMQ/CMA  to  provide  continuing 
medical  education  for  physicians.  CME 
Consultants  takes  responsibility  for  content, 
quality  and  scientific  integrity  of  this  CME 
activity. 

CME  Consultants  designates  this  educational 
activity  for  a  maximum  of  2 1 .5  AMA  PRA  Category 
1  Credits™.  Physicians  should  only  claim  credit 
commensurate  with  the  extent  of  their 
participation  in  the  activity.  This  credit  may  also 
be  applied  to  the  CMA  certificate  in  continuing 
medical  education. 
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INFORMATION  -  RESERVATION 

ISABELLE  PREVOT  COMBRISSON 

Associate  Director  IBMISPS  Annual  World 
w  Congress  -  Director  of  MO  Organisation 
E-mail  :  icombrisson@ibmisps.org 

-  IBMISPS  GLOBAL  HEADQUARTER 

^  8159  Santa  Monica  Blvd.  Suite  #200 
West  Hollywood,  CA  90046  -  USA 
Tel:  (310)  500-6196 
Fax:(323)654-3511 
w  E-mail:  contact@IBMISPS.org 

Ufdv.;t0.  WWW  TT3A/TT QDQ  ADC 


VENUE  OF  THE  CONGRESS 

The  4th  Annual  World  Congress  will  take  place 
in  Washington  DC  in  the  Washington  Plaza 
Hotel:  10  Thomas  Circle,  NW  -  Washington, 
DC,  Website  :  www.  washingtonplazahotel . com 

The  Washington  Plaza  Hotel  is  located  nearby: 
The  White  House,  The  Mall  with  a  lot  of  free 
museums  such  as  the  National  Gallery  of  Art 
(one  of  the  world's  prominent  museums  with 
European  and  American  paintings,  sculpture, 
works  on  paper,  photographs,  and  decorative 
arts,  collection  galleries  and  Sculpture 


w  AIRFARE 

IBMISPS  has  made  special  arrangement  with 
American  Airline.  A  discount  agreement  has 
been  completed  with  American  Airlines  and  is 
valid  3-11  September,  2007  for  travel  to 
Washington,  DC.  (Dulles,  Reagan  or  Baltimore 
airport)  The  Discount  Code  is  A3397AD. 


5%  discount  off  the  lowest  applicable 
published  air  fare. 

-  To  make  a  discount  reservation,  please  call  AA 
Meeting  Services  Desk  at  1-800-433-1790  from 
anywhere  in  the  United  States  or  Canada  and 
w  refer  to  the  discount  Code. 


^  The  percentage  discount  can  be  booked  on-line 
at  www.AA.com  for  American  Airlines  and 
American  Eagle  flights  only.  For  international 
originating 

guests,  please  call  your  local  reservations 
number  and  refer  to  the  Discount  Code 

-  ABSTRACTS  PUBLISHED 

-  IN  SPECIAL  ISSUE  OF 
NEUROIMAGE 

_  IBMISPS  is  accepting  papers  and 
abstract  for  its  4th  annual  world 
congress,  which  will  be  published  in  its 
special  issue  of  Neuroimage 
Submission  guidelines  and  abstract  form 
on  the  website:  www.ibmisps.org. 


LUNCHES  &  GALA  DINNER 

All  the  lunches  (box  lunches)  will  be  served  in 
the  exhibition  space. 

Gala  dinner  Friday  September  7,  2007: 

The  gala  is  designed  to  recognize  individuals 
who  have  dedicated  their  lives  to  research, 
development,  education  and  advancement  of 
science,  medicine  and  technology  by  the  Board 
of  Directors  of  IBMISPS. 

The  award  committee  will  also  present  an 
award  to  an  individual  who  has  shown  an 
extraordinary  courage  and  dedication  in  facing 
a  terminal  illness  and  or  helped  with  their 
relatives  and  or  family  members  to  fight  back 
the  illness. 

There  will  be  4  different  categories  of  awards: 

•  Pioneer  in  Medicine 

•  Excellence  in  Courage  and  Dedication: 

•  Pioneer  in  Healthcare  Policy 

•  Pioneer  in  Technology 

Cost:  $50/person 

Dress  code  Black  Tie 
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PROGRAM  AT  GLANCE 
DAY  ONE  -  THURSDAY  SEPTEMBER  6,  2007 


FEDERAL  HALL 


Welcome  &  Introduction 


Key  note  Speaker 


Scientific  Session  1 
IMAGE  GUIDED  THERAPY 


Coffee  break 


Scientific  Session  2 
IMAGING  INTRAOPERATIVE 
SURGICAL  PLANNING 


Coffee  break 


LUNCH  TALK  :  TATRC 


Scientific  Session  3 
EMERGING  CONCEPTS  IN 

IMAGE  GUIDED  HERAPYI 


Tea  Recess 


Scientific  Session  4 
ANIMAL  &  IN  VIVO 
EXPERIMENTATION  IN  IMAGE 


Coffee  Break 


Scientific  Session  5 
CELLULAR  IMAGING  & 
NANOMEDICINE 


End  of  sessions 


BOARD  OF 
ADVISORS  & 
DIRECTORS 
MEETING 


ADAMS  NATIONAL 

ROOM  HALL 
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-  DA  Y  ONE  •  SEPTEMBER  6,  2007 


SCIENTIFIC  SESSIONS 


8:00  -  8:20  AM 


8:20-8:30  AM 


Official  Welcome  &  Introduction  by 

Chair: 

Babak  KATEB, 

Co-Chair: 


EXHIBIT  HALL 
8:00  AM-  5:55  PM 


Farzad  MASSOUDI 
(President  of  IBMISPS,  2007-2008) 


Co-Chair: 

Warren  GRUNDFEST 
(Past  president  of  IBMISPS,  2006-2007) 

Key  Note  Speaker: 

The  Honorable  Senator 


John  EDWARDS 

(TENTATIVE) 


8:30-8:45  AM 


Scientific  Session  1: 
Image  Guided  Therapy 


Chair: 

Babak  KATEB 


Director  of  Research  &  Development 
Brain  Tumor  Program 
Department  of  Neurosurgery, 

City  of  Hope  National  Cancer  Center, 
Founder  and  Executive  Director  of  IBMISPS, 
CEO  and  Chairman  of  the  Board  of  Directors, 
IBMISPS  Foundation 

Nanoneurosurgery  and  Image  Guided  Therapy 


8:45-9:00  AM 


■  Keyvan  FARAHANI 

Acting  Branch  Chief 

Cancer  Imaging  Program  National  Cancer  Institute 

Funding  Opportunities  in  Image-Guided  Oncological 
Interventions 


9:00-9:15  AM 


John  HALLER 

Liaison  for  International  Activities 
National  Institute  of  Biomedical  Imaging  and  Bioengineering 


POSTER  SESSION  I 
9:00-  12:00  PM 


NIBIB/NIH/DHHS 

NIBIB/NIH  Programs  for  Image-Guided  Surgery 
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Co-chair: 

Walter  J.  KORSHETZ 

Deputy  Director,  Office  of  the  Director 
National  Institutes  of  Health  National 
Institute  of  Neurologic  Disorders  and  Stroke 
NIH/NINDS 

Progress  and  Challenges  in  Mapping  Stroke 


9:30-9:45  AM 


Christian  MACEDONIA 

Lieutenant  Colonel,  Medical  Corps,  US  Army 
Chief  of  Research  Operations 
Telemedicine  and  Advanced  Technology  Research  Center 
U.S.  Army  Medical  Research  and  Materiel  Command  (MRMC) 
Associate  Professor  of  Ob/Gyn,  Military  and  Emergency 
Medicine  Uniformed  Services  University 
Terra  Incognita:  Imaging  Research  Opportunities  Directed 
Toward  a  Better  Understanding  of  the  Assembly  of  the  Human 

Brain 


9:45  -9:55  AM 


Q/A 


9:55  -  10:15  AM 


Coffee  Break 


Scientific  session  2: 

Imaging /  Intra-operative  Surgical  Planning 


10:15-  10:30  AM 


Chair: 


Ferenc  A.  JOLESZ 

B.  Leonard  Holman  Professor  of  Radiology 
Vice  Chairman  for  Research 

Director,  Division  of  MRI  and  Image  Guided  Therapy  Program 
Department  of  Radiology  Brigham  and  Women's  Hospital 
Harvard  Medical  School 

MRI  guided  FUS  of  the  Brain 


10:30-  10:45  AM 


Chair: 

Jean  Jacques  LEMAIRE 

University  Hospital  of  Clermont-Ferrand 
Professor  of  Neurosurgery  (ESPR1/INSERM), 
Auvergne  University,  France 

Toward  Guidelines  for  Image  Guided  Surgeries 


j.Wtraop en>, 
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10:45-  1 1:00  AM 


Mitsunori  MATSUMAE 

Professor  of  Neurosurgery 
Department  of  Neurosurgery 
Tokai  University  School  of  Medicine,  Japan 

Operating  Room  of  the  Future :  Fully  Functional 
MR-Compatible  Flexible  Operating  Table  Resolves  the 
Neurosurgeon  fs  Dilemma  Over  Use  of  Intraoperative  MRI 


11:00-11:15  AM 


Shoichiro  ISHIHARA 

Associate  Professor, 

Department  of  Neurosurgery 

Chief  of  Division  of  Endovascular  Neurosurgery,  Stroke  Center, 
International  Medical  Center, 

Saitama  Medical  University,  Japan 

Operating  Room  of  the  Future: 

A  Integrated  Hybrid  Operating  Room  for  Neurosurgery 


11:15-  11:30  AM 


Thilo  HOELSCHER 

Assistant  Professor 
Department  of  Radiology 
University  of  California  San  Diego, 

School  of  Medicine 

Advanced  Intraoperative  Brain  Ultrasound: 
Current  Technologies  and  Potential  Applications 


11:30-  11:40  AM 


Q/A 


1 1:40-  12:00  PM 


12:00-  12:30  PM 


Coffee  Break 


Key  Note  Speaker: 


Wi 


Ken  CURLEY 

Chief  Scientist, 

Neuroscience  Portfolio  Manager, 

Telemedicine  and  advance  technology  Research  Center 
(TATRC),US  Army  medical  Research  and  Material  Command 
(MRMC), 

Assistant  Professor  of  Military  and  Emergency  Medicine, 
Surgery  and  Biomedical  Informatics, 

Uniformed  Services  University  of  the  Health  Sciences 
(USUHS) 

Neuroscience  Research  at  the  U.S.  Army  Telemedicine  and 
Advanced  Technology  Research  Center: 
Opportunities  for  Engaging  the  Brain  Mapping  and 
Intraoperative  Surgical  Planning  Communities 


12:30-  12:40  PM 


L 


Q/A 


4th  Annual  World  Congress  of  IBMISPS 
September  6-8,  2007 
Washington  USA 


Scientific  session  3: 

Emerging  Concepts  in  Image  Guided 
Therapy:  Vascular  and  Blood  Flow  Imaging, 
Human  Brain  Machine  Interface, 
Biophotonics  and  Simulation 


12:40-  12:55  PM 


Chair: 

Elizabeth  BULLITT 


Van  Weatherspoon  Jr.  Professor  of  Surgery, 

Director  of  CASILab, 

University  of  North  Carolina, 

Glioma  and  Vessel  Shape  as  Monitored  by  Magnetic  Resonance 
Angiography  (MRA) 


12:55-1:1 

0  PM 

Dawn  TAYLOR 

Assistant  Professor  of  Biomedical 

Engineering,  Case  Western  Reserve  University 

Research  Scientist,  Cleveland  VA  Medical  Center 

7s  in  Neural  Activity  Patterns  with  Use  of  Brain- Machine 
Interfaces 

Change 

1;10  —  1:25  PM 

' 

Anareas  ruiviiviUK  i 

VOXEL-MAN  Group  University 

Medical  Center  Hamburg-Eppendorf 

Navigation  Support  Through 

Preoperative  Simulation  of  Cranial  Inteiwentions 

1:25-  1:40  PM 

i  ansa  i  ifMUKArNUfN  i 

Assistant  Professor 

Department  of  Mechanical  and  Aerospace  Engineering, 
University  of  Florida 

Computational  Transport  Models  of  Convection-Enhanced 
Delivery 

1:40-  1:5: 

5  PM 

Co-chair  : 

Richard  D.  BUCHOLZ 

POSTER  SESSION  II 
1:00-5:00  PM 


Director,  Division  of  Neurosurgery 
KR  Smith  Endowed  Professor  of  Neurosurgery 
Saint  Louis  University  School  of  Medicine,  USA 

Experience  with  DexVne :  A  Hybrid  Surgical  Planning, 
Simulation,  and  Navigation  System 


1:55  -2:05  PM 


Q/A: 


Tea  Recess 


2:05  -2:25  PM 
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Scientific  session  4: 

Animal  Modeling  and  In  vivo 
experimentation  in  Image  Guided  Therapy 

2:25-2:40  PM 

Chair: 

Elaine  L.  BEARER, 

Professor, 

department  of  Pathology  and  Laboratory  Medicine 
barren  Alpert  Medical  School  of  Brown  University 

Emerging  Concepts  in  N euro  imaging: 

Animal  models,  plasticity  and  circuitry 

I 

V 

2:40-2:55  PM 

Co-Chair: 

Thomas  WOOLSY 

George  H.  and  Ethel  R.  Bishop 
cholar  in  Neuroscience,  Professor  of  Experimental 
:urosurgery,  Experimental  Neurology,  Anatomy  and 
Neurobiology,  Cell  Biology  and  Physiology  and 
Biomedical  Engineering; 

Washington  University  School  of  Medicine 

Imaging  for  Animal  Models  of  Brain  Disease 

s 

Ne 

2:55 -3:10  PM 

Jean  WRATHALL 

Professor,  Dept  of  Neuroscience 

Georgetown  University  School  of  Medicine 

il  Models  of  Spinal  Cord  Injury  and  Regeneration:  New 
Opportunities  for  Pharmacologic  Interventions 

Anima 

3:10-3:25  PM 

Russell  E.  JACOBS, 

Member  of  the  Beckman  Institute 

Caltech  Brain  Imaging  Center 

ooking  Deeper  into  Vertebrate  Brain  Development 

Li 

3:25-3:40  M 

Inseob  HAHN 

Research  Scientist  NASA/JPL, 

California  Institute  of  Technology,  Pasadena,  CA 

Development  of  Low-Field  SQUID 
ototype  System:  In-  Vivo  MR1  Results  and  Intraoperative 
Imaging  Implications 

MRIPr 

3:40-3:50  PM 

1  Q/A: 

3:50-4:10  PM 

Coffee  Break 
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PROGRAM  AT  GLANCE 
DAY  TWO  -  FRIDAY  SEPTEMBER  7,  2007 


11  :30  AM 

12.00  PM 

12.20  PM 

01  :45  PM 
02  :05  PM 


05  :05  PM 


FEDERAL  HALL 

Key  Note  speaker 


ADAMS  NATIONAL 

ROOM  HALL 


Scientific  Session  6 

STEREOTACTIC 

RADIOSURGERY 


Coffee  break 


Scientific  Session  7 
RADIATION  ONCOLOGY 


Key  Note  speaker 
Coffee  break 


Scientific  Session  8 
MULTI-MODALITY  IMAGING 


Tea  recess 


Scientific  Session  9 
NEW  HORIZON 


Coffee  Break 


Scientific  Session  10 
BIOMEDICAL  INFORMATICS 


End  of  sessions 


06  :30  Cocktail  Party 


8  :30  Black  Tie  GALA 
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DAY  TWO  •SEPTEMBER  7,  2007 


SCIENTIFIC  SESSIONS 


8:00-8:30  AM 


Key  Note  speaker: 

Recipient  of  the  2007  IBMISPS 
Pioneer  in  Medicine  Award: 


Richard  FRACKOWIAK 

Vice-provost  for  Special  Projects, 

Professor,  Wellcome  Department  of  Imaging  Neuroscience  at 
the  Institute  of  Neurology,  Professor  of  Neurology 
University  College  of  London 
President, 

British  Neuroscience  Association 
Modern  N on-Invasive  Investigation  of  Human  Brain  Structure 
and  Function  In  Genetic  and  Neurodegenerative  Disease 


POSTER  SESSION  I 
7:00-  12:00  PM 


EXHIBIT  HALL 
8:00  AM -5:05  I 

3M 

Scientific  Session  6: 
Stereotactic  -Radiosurgery 


8:30-8:4: 

AM 

Chair: 

Farzad  MASSOUDI 

Clinical  Assistant  Professor  of  Neurosurgery 

David  Geffen-UCLA  School  of  Medicine, 

Massoudi  Medical  Group 

8:45-9:00  AM 

Co-Chair: 

Antonio  A.  F.  DE  SALLES 

Professor  of  Neurosurgery, 

Head  of  Stereotactic  Radiosurgey 

David  Geffen-UCLA  School  of  Medicine 

Mapping  in  Radiosurgery 

9:00-9:15  AM 

Reinhard  SCHULTE 

Assistant  Professor  Radiation  Medicine 

Loma  Linda  School  of  Medicine,  Proton  Therapy 

Proton  Radiosurgery:  Past,  Present  and  Future 

9:15-9:30  AM 

n  l  ■  m  m  w  w  a  mrrv  w  w  w 

snearwooa  ivic  in 

Resident 

Department  of  Neurosurgery, 

University  of  Minnesota  Medical  School,  Minneapolis 

Typical  Variations  of  Subthalamic  Electrode  Location  Do  Not 
Predict  Limb  Motor  Function  Improvement  in  Parkinson ’s 
Disease 
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9:30-9:45  AM 

r  tDcnxi 

uaviu 

Professor  of  Radiation  Oncology 
and  Neurological  Surgery , 

Director,  CyberKnife  Radiosurgery 

Program  Co-Director,  Gamma  Knife®  Radiosurgery 
Program  Principal  Investigator,  Brain  Tumor  Research  Center  , 
Clinical  Chief, 

Department  of  Radiation  Oncology, 

Long  Hospital,  Program  Member, 

UCSF  Comprehensive  Cancer  Center, 

UCSF  School  of  Medicine 

Advances  in  Gamma  Knife  Radiosurgery 

9:45 -  10:00  AM 

Q/A 

10:00-10:05  AM 

Coffee  Break 

i 

Scientific  Session  7: 

Radiation  Oncology  and  Special  topics 

10:05-10:20  AM 

Chair  : 

Erik  H.  RADANY 

Associate  Professor  of  Radiation  Oncology 

City  of  Hope  National  Cancer  Center,  Duarte,  CA 

>al  Tomotherapy  for  the  Delivery  of  Stereotactic  Brain 
Irradiation 

1 

He  lie 

10:20-  10:35  AM 

i  _  I  IIT 

/\I1  LIU 

Assistant  Professor  Department  of  Radiation  Oncology 
City  of  Hope  Cancer  Center,  Duarte,  CA 

A  Multi-Center  Consortium  Study 
of  Competing  Platforms  for  Stereotactic  Brain  Irradiation 

10:35-  10:50  AM 

ivainryn 

Department  of  Radiology,  Vanderbilt, 

Nashville,  Tennessee,  USA 

Multi-Parametric  Imaging  in 

Brain  Metastases:  Measuring  Cognitive  and  Overall  Response 
to  Whole  Brain  Radiation 

17 
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i  n  ii-i 

^  A\/( 

Special  Topic 

Ramesh  RAMAN 

Senior/Expert  Reviewer/Medical  Officer 
epartment  of  Health  and  Human  Services  (DHHS), 

Food  and  Drug  Administration  (FDA), 

Division  of  Neurology  Drug  Products  (DNP), 

used  Approach  to  the  Clinical  Development  of  Imaging 
Drugs 

D 

A  Foe 

11:20-11:3 

0  AM 

Q/A 

11:30-  12:00  PM 

Key  Note  Speaker: 

Helen  ROUTH 

General  Manager, 

Philips  Research  North  America 

New  Developments  in  Image  Guided  Therapy 

12:00-  12:20  PM 

Coffee  Break 

Scientific  Session  8: 

Multi-Modality  Imaging 

12:20-  12:35  PM 

Chair: 

Alexandra  GOLBY 

Assistant  Professor  of  Neurosurgery, 
associate  Surgeon,  Brigham  and  Women’s  Hospital 
r  of  Image  Guided  Neurosurgery,  Brigham  and  Women's 
Hospital,  Harvard  Medical  School 

Advanced  white  Matter  Tractography 

A 

Directo 

12:35-12:50  PM 

Co-Chair: 

Shouleh  NIKZAD 

Head  of  Nanoscience  and 

Advanced  Detector  Arrays  Group, 

Jet  Propulsion  Laboratory  (JPL) 

UV-Imaging 

12:50-1:0 

PM 

Susumu  MORI 

Professor,  Department  of  Radiology, 

Johns  Hopkins  University  School  of  Medicine 

ruction  of  White  Matter  Using  Diffusion  Tensor  Imaging 
and  Its  Application  to  Neurosurgery 

Reconsi 
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1:05-  1:20  PM 


■  Peter  VAN  ZIJL 

Professor  of  Radiology, 

Johns  Hopkins  University 
School  of  Medicine 
Director, 

F.M.  Kirby  Research  Center  for  Functional 
Brain  Imaging,  Kennedy  Krieger  Research  Institute 

New  MRI  Technologies  with  Clinical  Potential 


POSTER  SESSION  II 
1:00-5:00  PM 


1:20-  1:35 

PM 

Barry  KOSOFSKY 

Chief,  Division  of  Pediatric  Neurology 

4ew  York  Presbyterian  Hospital  (Cornell  Campus) 
Goldsmith  Professor  of  Pediatrics,  Neurology, 
and  Neuroscience 

Weill-Cornell  Medical  College 

Heat  ion  of  high  resolution  structural  imaging  to  brain 
development 

j 

Appi 

1:35-  1:45  PM 

n/A  • 

1:45  -2:05  PM 


Tea  Recess 


Scientific  Session  9: 

New  Horizon;  Biomedical  Engineering, 
Cancer  Modeling,  Virtual  Reality  and 
Simulation  in  Image  Guided  Therapy 


2:05  -  2:20  PM 


Chair: 

David  MOORE 

Deputy  Director  for  Research, 

Defense  and  Veterans  Brain  Injury  Center, 

Walter  Reed  Army  Medical  Center 

Computational  Biology,  Primary  Blast  Injury  and  the  Central 
Nervous  System 


2:20-2:35  PM 


Amy  RYAN 

Jet  Propulsion  Laboratory/NASA 

Electronic  Nose 


2:35  -2:50  PM 


Co-Chair : 

Mike  CHEN 

Assistant  Professor,  Department  of  Neurosurgery 
City  of  Hope  National  Cancer  Center,  CA 
In-vitro  Analysis  of  Cells  and  Tissues  using  the  Electronic 

Nose 
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2:50-3:05  PM 

Simon  K.  WARFIELD 

Associate  Professor  of  Radiology, 

Children  Hospital  Boston,  MA,  USA 

igorithms  for  Planning  for  Pediatric  Neurosurgery 

Ai 

3:05-3:20  PM 

Vittorio  CRISTINI 

Associate  Professor 

of  Health  Information  Sciences,  The  University  of  Texas 
Health  Science  Center,  Houston 
utational  Modeling  Identifies  Morphologic  Predictors  of 
Tumor  Invasion 

School 

Compi 

3:20-3:3 

0  PM 

Q/A: 

3:30-3:50  PM 


Coffee  Break: 


Session  10 

Biomedical  Informatics:  Grid  Technology- 
New  Generation  of  On-line  Data  Transfer 
and  IT  for  the  Life  Sciences 


3:50-4:05  PM 


Chair  : 


Stephan  G.  ERBERICH 

Director  of  Functional  Imaging  &  Biomedical  Informatics, 
Department  of  radiology, 

Children  Hospital  Los  Angeles, 

Assistant  Professor  of  Radiology  and  Biomedical  Engineering, 
Keck  School  of  Medicine  &  Viterbi  School  of  Engineering, 
University  of  Southern  California 
Globus  MEDICUS  -  Service  Oriented  Architecture  for 
Radiological  Images 


4:05-4:20  PM 


Co-Chair  : 

Carl  KESSELMAN 


Director,  Center  for  Grid  Technologies, 
Information  Science  Institute 
Research  Professor  of  Computer  Science, 
Viterbi  School  of  Engineering, 
University  of  Southern  California 
General  Grid  Technology 
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4:20-4:35  PM 

John  WILBANK 

Executive  Director, 

Science  and  Creative  Commons, 

Novel  methods  for  sharing  and 
integrating  web-based  data 

4:35  -4:50  PM 

it  n  .  Tzn  a  nrrr 

iviary 

Executive  Vice  President,  Health-Grid  US  Alliance 
Advisor  to  the  Director  of  US  Army  and  Material 
Command  Center  (USAMCC), 

Telemedicine  Advanced  Technology 

Research  Center  (TATRC) 

Hospital  of  the  Future 

4:50-5:05  PM 

1  A  1  T\  _  y 

Jonathan  C.  SILVERSTEIN 

Assistant  Professor,  Surgery  and  Radiology, 
Associate  Director  ,  Computation  Institute,  Argonne  National 
Laboratory  and 
The  University  of  Chicago 

HealthGrid : 

Applications  of  Grid  Technologies  to  Biomedicine 


Friday,  September  7,  2007 
6:30  -  8:00  PM 
Coktail 

8:30 -11:00  PM 
Dinner  and  Award 
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PROGRAM  AT  GLANCE 

DAY  THREE  -  SATURDAY  SEPTEMBER  8,  2007 


FEDERAL  HALL 


08  :45  AM 


09  :15  AM 


10  :40  AM 


11.00  AM 


Program  Review 


Scientific  Session  11 

INTERDISCIPLINARY 

NEUROSCIENCE 


Coffee  break 


Scientific  Session  12 
PSYCHIATRY  AND  BRAIN 
INJURY 


12  :20  PM 


Key  Note  speaker 


01  :00  PM  H  Scientific  Session  13 

SPINE  INSTRUMENTATION, 
INJURY,  REGENERATION  AND 
ADVANCEMENTS 


02.25  PM 


Tea  recess 


02  :45  PM 


04.10  PM 


Scientific  Session  14 
NEUROPHYSIOLOGY  AND 
FUNCTIONAL 
NEUROSURGERY 


Coffee  Break 


04.30  PM  §|g  Scientific  Session  15 

BRAIN  INJURY  AND  TRAUMA 


05  :45  PM 


Officials  closing  remarks 


ADAMS  NATIONAL 

ROOM  HALL 
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•  SEPTEMBER  8,  2007 


SCIENTIFIC  SESSIONS 


8:45-9:15  AM 


Program  Review  by  Congress  Co-chairs 
Key  Note 


Scientific  Session  11: 
Interdisciplinary  Neuroscience 


9:15-9:30  AM 


Chair: 

Fraser  HENDERSON  (No  talk) 
Co-Chair: 

Amir  VOKSHOOR  (No  talk) 


EXHIBIT  HALL 
9:00-5:45  PM 


■ 


Daniel  DJAKIEW 


Professor  of  Biochemistry, 

Molecular  Biology  and  Cellular  Biology 
Georgetown  University  School  of  Medicine 
The  role  of  pi 5  Neurotrophin  Receptor  in  Oncology 


9:30-9:45  AM 


Kristi  SCHMIDT 


POSTER  SESSION  I 
9:00-  12:00  PM 


Fellow, 

Department  of  Neurosurgery 
Department  of  Neurosurgery 
Georgetown  University  School  of  Medicine 

Spinal  Cord  Stress  Injury  Assessment  (SCOSIA): 
Clinical  Results  and  Validation 


9:45  -10:00  AM 


Perry  RICHARDSON 

Associate  Professor  of  Neurology; 
Residency  Program  Director, 
Department  of  Neurology, 
George  Washington  University 
School  of  Medicine 
A  CASE  REPORT: 


Tnmefactive  Multiple  Sclerosis:  Comparative  Imaging  Technique 


10:00-  10:15  AM 


Kenneth  H.  WONG 

Assistant  Professor  ISIS  Center, 

Georgetown  University  School  of  Medicine 
Wearable  Sensor  Arrays  for  Blast  and  Acceleration- 
Induced 
Injury 
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ui  10:15- 10:30  AM 

Special  Topic 

Domnck  D  A  1U  A  \T 

ivaiucsii 

Senior/Expert  Reviewer/Medical  Officer 

Department  of  Health  and  Human  Services  (DHHS), 

Food  and  Drug  Administration  (FDA), 

Division  of  Neurology  Drug  Products  (DNP), 

A  Focused  Approach  to  the  Clinical  Development  of  Imaging 

Drugs 

10:30-  10:40  AM 

1  /  a  . 

10:40-  11 

:00  AM 

1  . 

soiree  tsreaic 

Scientific  Session  12: 

Psychiatry  and  Brain  Injury 

y  11:00-11 

:  15  AM 

Phair* 

Stephen  LAWRIE 

(Hons)  MRCPsych  MPhil  Sackler  Senior  Clinical 
Research  Fellow  &  Reader  in  Psychiatry  Division  of  Psychiatry 
University  of  Edinburgh  Royal 

Edinburgh  Hospital 

Imaging  Genetic  Effects  in  Schizophrenia 

11:15- 11:30  AM 

Firm  a  RRFlVflVFR 

Professor  of  Psychiatry  and  Radiology, 

Emory  University  School  of  Medicine 

Brain  Imaging  of  Childhood  Abuse  Related  Posttraumatic  Stress 

Disorder 

11:30-  11:45  AM 

Michael  J.  ROY 

Colonel,  Medical  Corps,  U.S.  Army 

Director,  Division  of  Military  Internal  Medicine 

Professor  of  Medicine 

iformed  Services  University  of  the  Health  Sciences 

HCo-PB  Trials:  Virtual  Reality  Therapy  and  Imaging  in 
bat  Veterans  with  PTSD  and  Traumatic  Brain  Injury 

1 

Un 

The  ViRj 
Com, 

11:45-  12:00  PM 

Michael  W.  WEINER 

Director,  Center  for  Imaging  of 
Neurodegenerative  Disease  VA  Medical  Center 

Principal  Investigator: 

Alzheimer's  Disease  Neuroimaging  Initiative 
ior  of  Medicine,  Radiology,  Psychiatry,  and  Neurology 
University  of  California,  San  Francisco,  U.S.A. 

ced  MRI  to  Detect  Brain  Injury  and  Neurodegeration 

Profess 

Advan 
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12:00-12: 

15  PM 

Co-Chair: 

Jordan  GRAFMAN 

Chief,  Cognitive  Neuroscience  Section 
tional  Institute  of  Neurological  Disorders  and  Stroke 

,ong  Term  Consequences  of  Penetrating  Head  Injuries: 
cerbated  Decline  and  Post-Traumatic  Stress  Disorder 

Na 
Two  L 
Exa( 

12:20  -  12:50  PM 

Key  Note  speaker: 

Michael  L.  COWAN 

Chief  Medical  Officer, 
BearingPoint 
Former  Surgeon  General, 

U.S.  Navy 

Disruptive  Innovation  in  Health  Information 
Technology:  the  Role  of  "Search  " 


12:50-  1:00  PM 


Q/A: 


Scientific  Session  13: 

Spine  Instrumentation,  Injury,  Regeneration 
and  Advancements 


1:00-  1:15  PM 


Chair: 


POSTER  SESSION  II 
1:00-5:00  PM 


Ross  MOQUINE 

Associate  Professor  of 

Neurosurgery  and  Orthopedic  Surgery,  State  University  of  New 
York,  Upstate  Medical  University 

Fused  Deposition  Models  for  Three  Dimensional  Planning  of 
Spinal  Deformity  Surgery 


1:15-1:31 

PM 

Co-Chair: 

Blair  CALANCIE 

Professor  of  Neurosurgery, 

Upstate  Medical  University,  Syracuse 

rain  Stimulation  for  Detecting  Medial  Malpositioning  of 
Thoracic  Pedicle  Screws 

Pulse-t 

1:30-  1:45  PM 

Amir  VQKSHOOR 

Director  of  MIS, 

D.I.S.C  institute 

Spine  of  the  Future 
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1:45-2:00  PM 


Kevin  CLEARY 

Deputy  Director 

Imaging  Science  &  Information  System  (ISIS) 
leader  scientist  of  Computer  Aided  Interventions  (CAIMR)  group 
Research  Associate  Professor,  Department  of  Radiology 
Lumbardi  Comprehensive  Cancer  Center 
Georgetown  University  School  of  Medicine 
Technology  and  Challenges 
for  Minimally  Invasive  Spine  Interventions 


2:00-2:15  PM 


Special  Topic 

Ron  KIKINIS 

Founding  Director  of 
Surgical  Planning  Laboratory 

Director  of  The  National  Center  for  Image  Guided  Therapy 
Professor  of  Radiology  Department  of  Radiology 
Brigham  &  Women's  Hospital, 

Harvard  Medical  School,  Boston,  USA 

Image  Analysis  for  Conservative  Follow-up  of  meningiomas 


2:15-2  :25  PM 


2:25-2  :45  PM 


Q/A: 


Tea  Recess 


Scientific  Session  14: 

Neurophysiology  and  Functional  Neurosurgery 


2  :45  -  3:00  PM 


Arno  VILLRINGER 

Professor  of  Neurology 
Department  of  Neurology. 

Charite  Hospital.  Humboldt  University.  Berlin,  Germany 

Physiology-Empowered 
Functional  Brain  Imaging 


3:00-3:15  PM 


'W' 


Co-chair: 

Jeffrey  David  LEWINE 

Executive  Director, 

Alexian  Center  for  Brain  Research 
Executive  Director, 

Illinois  Magnetoencephalography  Center, 

Alexian  Neurosciences  Institute 

Midtimodal  Noninvasive  Brain  Imaging  for  guiding 
Neurosurgery:  Integration  of  MEG,  fMRI  and  MR  Spectroscopy 
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3:15-3:30  PM 

V  RnfWHFIlVtFR 

Associate  Professor, 

Department  of  Psychiatry 
and  Biobehavioral  Sciences,  UCLA 

JMRI  in  the  Clinic:  Presurgical  Planning 

3:30-3:45  PM 

Vadim  S.  ZOTIV 

Scientist 

Los  Alamos  National  Laboratory, 

Group  of  Applied  Physics 

Channel  MRI  at  Ultra-Low  fields  Compatible  with  MEG 

Multi  A 

3:45-4:00  PM 

Special  Topic 

Igor  SAVUKOV 

Scientist 

:eton  University  and  Los  Alamos  National  Laboratory 

lie  at  ion  of  atomic  magnetometers  to  MEG  and  NMR 

Prim 

App 

4:00-4:10  PM 

(CM  \\ 

4:10-4:30  PM 


Coffee  Break 


Scientific  Session  15: 
Brain  Injury  and  Trauma 


4:30-4:45  PM 


Chair: 

Deborah  WARDEN 

National  Director,  Defense 

and  Veterans  Brain  Injury  Center  Walter  Reed  Army  Medical 
Professor  of  Neurology  and  Psychiatry 
Uniformed  Services  University  of  the  Health  Sciences 

Primary  Blast  Brain  Injury-A  Case  Report 


4  :45  -  5:00  PM 


Co-Chair: 

Manbir  SINGH 

Professor  of  Radiology  and  Biomedical  Engineering 
University  of  Southern  California 

Detection  of  White-matter  Pathways  Affected  in  TBI  by  DTI- 
Tractography 


5:00-5:15  PM 


Gregory  LEKOVIC 

Chief  Resident 

Barrow  Neurological  Institute 

Ethical  Issues  in  Neuroimaging 


5:00-5:15  PM 
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V 

John  R.  FORDER 

Associate  Professor  of  Radiology  and  Biomedical  Engineering 
Associate  Director,  Advanced  Magnetic  Resonance  Imaging  and 
Spectroscopy  facility 

Diffusion  imaging  at  very  high  fields 

5:30  —  5:45  PM 

Mark 

Professor,  Departments  of 

Neurology,  Radiological  Sciences,  Psychiatry  &  Biobehavioral 
Sciences,  and  Biomedical  Physics 
at  the  David  Geffen  School  of  Medicine,  UCLA; 

Director,  Functionnal  MRI  Activation  Imaging  ; 

Member,  Division  Of  Brain  Mapping 

Challenges  and  Opportunities  for  MRI  in  Traumatic  Brain  Injury 

5:45-6:00  PM 

Officials 

Closing  Remarks 

Farzad  MASSOUDI 
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Board  of  Directors  of  IBMISPS  is  proud  to  Present 


COURAGE  AND  DEDICATION  CRYSTAL  AWARD  TO: 


PIONEER  IN  MEDICINE  TO: 


Behnam  Badie,  MD,  FACS 


Richard  Frakowiack,  M.D.,  Ph.D. 
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PIONEER  IN  HEALTHCARE  POLICY: 


The  Honorable  Madam  Speaker  Nancy  Pelosi 


The  Honorable  Senator  Edward  Kennedy 


PIONEER  IN  TECHNOLOGY: 


Steve  Rusckowski 

Executive  Vice-President  and  Chief 
Executive  Officer  Philips  Medical  Systems 
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This  event  has  made  possible  through  generous  contributions  of: 


TBrainLAB 


PHILIPS 


ALOKA 

Science  A.  Humanity 


w 


ELSEVIER 


VARDAN 


Codman 

a  company 


E  L  E  K  T  A 


impulse 

■  monitoring.com 

informa 

healthcare 


Optivus  » 

The  Proton  Therapy  Company 


ZEISS 
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We  hope  to  welcome  you  next  year  ! 


AMO IJ S T  P 7  in,  SODS  ,P^._  1, 

fj^ 

< 


5th  Annual 
r  World  Congress 
of  IBMISPS 


• ■  • 


Informati 


J  V 


an 


IBMISPS  is  accepting  papers  and  abstract  for  its 
5th  annual  world  congress,  which  will  be  published 
in  fts  special  issue  of  Neuroimage. 


Th*  topic*  «r«  3 

•  Operational  Issues  (OR  c<f  the 
Future) 

•  Image  guided  system* 

«  Vascular  ft  Blood  (low  Imaging 

•  lntraoperati*e  Surgical 
Planning  fBM)  ft  Intraoperative 
*ur^cal  planning  (ISP) 

•  BM  and  IBP  In  Stereotactic 
Radiosurgery 

•  Molecular  and  cellular  fusing 
and  Anatomy 

•  N  a  nose  fence,  genomics, 
ccmputationaigwietios  In  brain 
mapphg 

•  4D,  Neuro-motfiematJc*  and 
bio-informatics 

•  Neurophysiology 

«  Functional  brain  mapping 
(IWR,  PET...} 

•  Errtoscopy  and  Btophctonlcs 


Brain  Mapping  Mitral 
Prosthesis  ft  Robotic* 
Multt-mc-dalfty  kna^ng 
Perfusion  Imagkig 
micro  magnetic  resonance 
tnadng  and  ultra  low  and  High 
Held  MR 

Magnetic  resonance 
Spectroscopic  Imaging 
History  of  brain  c  artog-aplry 
Ettical  Issues  related 
to  the  BM  and  Intra¬ 
operative  surgical  planning, 
Magnetoencephalographlc 
TfarMcranlal  Majetic 
Stimulation 

Diffusion  Tensor  Imaging 
SPECT  and  hlstopathology  h 
brain  mapping 
Blcmedcal  Informatics 
Mew  Horizon:  New  novel 
Translational  techniques 


www.lbmlsps.org 

LECTURES 

•  Sdentiflc  Exhibits 

*  Special  focus 

*  Basic  science 

-  Clinical  trials 

-  Governmental 


For  further  Information  please  contact : 

Ms.  Isabelle  Combrl&sen  -  Associate  Director  of  IBMISPS  Annual  World  CeograsB 
IcombrtaaonfMbmlapB.org  -  Tel :  +33  473  81  51  B8  -  Fax :  +39  4  73  61  51  99 

or 

IBMISPS  Global  Headquarter, 

81 5B  Santa  Monica  -  Bird  Suite  20D  -  West  Hollywood,  CA  9004B  -  Tel:  (310)  500-6198  -  Fax  (323$  854-3511 
Mall ;  contacUMbmlepiLorg  -  Website :  www.lbmspa.org 
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Nanoneurosurgery  & 
Image  Guided 
Therapy 


Babak  Kateb 
September  6,  2007 
IBMISPS  World  Congress 


Introduction 


■  130  nanotech  drugs/delivery  systems  in 
development  worldwide1  [Nature  Materials] 

■  2004  nanomedicine  sales:  $6.8  billion 

■  Approx.  $3.8  billion  invested  in  R&D/yr 

■  Nanomedicine:  drug  delivery-improved 
bioavailability 

■  $65  billion  wasted/yr  due  to  low  bioavailability 

■  National  Nanotechnology  Initiative 

■  4  National  NIH  nanomedicine  centers 
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Nanoparticles 


■  PEG 

■  Polystyrene 

■  PLGA 

■  Micelles 

■  Liposomes 

■  Stem  cells 

■  Bacteria 

■  Viruses 
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■  Fe  nanoparticles:  SPIOs 

■  Gold  nanoparticles 

■  Fullerene  nanoparticles 

■  CNT,  MWNCTs 

■  PFCs 

■  Quantum  dots 

■  Dendrimers 

■  Multifunctional 
nanoparticles 


Lipidic  Nanoparticles  [mulder] 


A 

(I) 


Amphiphilic  molecule 

HydropNic  perl 

l - 1 


► - 1 

H^ffrnptidbic  pari 


<"> 


Micella  forming  lipid 

— o 


(III) 


Ei  layer  forming  lipid 

=o 


(IV) 

Cholesterol 

m  <5*po 


Microemulsion 


(V) 


Micelle  witti 

hydrophobically  coated  core 


Stabilized  liposome 


Bilayer  on  nanoparticle 


Table  1.  Overview  of  the  relaxivities  of  several  different  lipidk  nanoparticulate  MRI  contrast  agents" 


Aggregate 

type 

ke fere  Lice 

Description 

Field  strength 

Temperature  (K) 

f!  Gd-DTPAb 

r,b 

r-i* 

Liposomes 

Tllcock  et  at  (1  ]  2) 

Gd-D'ITA  in  lumen 

1.5  T 

2.79 

0.42 

liposomes  400  n m 
Gd-DTPA  in  lumen 

1.5  T 

2.79 

160 

liposomes  70  nm 

Kim  el  al  (130) 

MHL-DITA  in 

0.47  T 

4.1 

319 

biiaver  liposomes 
BME-DTTA  in 
bilayer  liposomes 

0.47  T 

4.1 

27.1 

Tllcock  el  al  (132) 

Stearyl  ester-DTPA- 
Gd  in  bilayer  liposomes 

20  MHz  " 

308 

23 

Steary  ia  ,m  ide-DTPA- 
Gd  in  bi layer 
lipasomes 

20  MHz12 

308 

13 

Stores  et  al  (  30) 

Po  Ly  merized  L  ipo  somes 

2.0  T 

4.24 

12.2 

long  .spacer 

Polymerized 
lipasomes  short  spacer 

2.0  T 

4.24 

5.7 

Glogard  et  al  (34) 

Amphiphilic  Gd 
chelates  in  biiaver 

20MHic 

300 

4d 

47 

Amphiphilic  Gd 
chelates  in  bilayer 

(50  MH zc 

300 

4.5d 

25 

Bulte  a  Lid  De 

Magnetoi  iposome  s 

1.5  T 

310 

3 

210 

Cuyper  (40) 

Stealth 

magnetoiipo  so  mes 

1.5  T 

310 

3 

240 

Betti  iii  el  al  (137) 

Paramagnetic 

lipasomes 

20MHzf 

29ft 

4d 

12 

Paramagnetic 

liposomes 

60  MHz" 

298 

4.5d 

12.5 

Strij  kers  el  a l  (149)  Gd-DTPA- 

20  MHz 

310 

3.8 

8.2 

BSA-contaUung 

liposomes 

Micelles 

Nicoile  et  al  (193) 

Gado  fluorine 

20  MHz'2 

298 

4d 

22 

Gado  fluorine 

60MHzc 

29ft 

4.5d 

12 

Ho  viand  el  al  (135)  Amphiphilic 

20MHzc 

298 

4d 

26 

GdPCTA*[l2] 

60MHz: 

298 

4.5d 

28 

Accaido  el  al  (156)  Mixed  micellar 

20MHzc 

298 

4d 

18 

aggregates 

60  MHz'2 

298 

4.5d 

18 

Mulder  and 
van  Tiiborg 

Miceliular  iron 
oxide  MOO 
(unpublished  data) 

20MHzc 

298 

4d 

15 

200 

M  icroemulsion 

Winter  el  ai.  (194) 

Na  no  panic  les  Gd- 

1.5T 

313 

4.5d 

17.7 

25.3 

D  P  PA-BOA 

Nano  panic  les 
Gd-DTPA-PL 

1.5  T 

313 

4.5d 

33.7 

50 

High-deLtsity 

Lipoprotein 

Frias  et  al  (102) 

HDL-iike  nano  panic  les 

65MHz 

298 

4.5d 

10.4 

iN’(3te  thiil  the  ionic  leLixivity  is  ^ven.  The  tc-1-u.x.  iv  ily  per  particle  i1;  much  hi  u  her,  since  the  panicles  depicted  in  the  table  carry  high  pav'hjads  (jfCid  «rFe. 
Vj  Gdr-DTPA:  /]  relixivily  of  Gd-DTTA  espies  wed  in  mM  ]  s  ].  r3:  Tj  relativity  of  the  contrast  agent  referred  to  expressed  in  mM  3  s  ].  r2:  T2 
re  I  ad  v  ity  o  I"  the  contrast  agent  referred  to  expressed  in  mM  3  s  3 . 

''hTMRD  profile  was  given  in  the  reference. 

JData  from  Aime  el  al  (3). 


Nanoparticles 


Nano  particles  used 
for  molecular  imaging 
of  malignant  lesions 
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Nanoscale  Cantilevers 


Cantilevers  detect 
kiomarkers  of  cancer 
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Gold  Nanoparticles  [Liu] 


(fl) 


Nanoneurosurgery 

■  Ability  to  image,  model,  track  lesions 

■  Earlier  diagnosis 

■  Therapy:  thermal  ablation2*,  target  tumor 
angiogenesis,  nanochemotherapy,  nano¬ 
drug  delivery  systems,  real  time  delivery  to 
brain  parenchyma2 

■  Follow-up:  monitor  treatment 


Kateb  B  et  al 
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FE-Pro:  ferrumoxide-protamine 
sulfate  (SPIO) 


■  FE-Pro  manufactured  by 
Feridex,  FDA  approved 
for  Hepatic  use 

■  Need  for  FDA  Approval 
for  Clinical  Application  of 
FE-Pro  in  Neurosurgery 

■  MRI  &  SPIOs  [Rad, 
Arbab  et  al] 


c 


Image  Guided  Therapy  in  Oncology 


■  Simultaneous  Molecular  imaging  cell  diagnostic 
&  selective  photothermal  therapy 

■  Nanoprobes  for  detection  of  neuroblastoma:  MR 
and  fluorescence 

■  Tumor  targeting  [liu  etal],  Tumor  Angiogenesis 

■  Clean  margins 

■  Fe  oxide  nanocrystals:  for  liver  mets,  metastatic 
lymph  nodes,  inflammation,  degenerative 
disease 


Passive  tumor  targeting 


f 
4 

“"•y  «•'*  •  '^»T— >  0  •  - 


0  Active  tumor  targeting 

0 


0 

Normal  blood  vessel  q  Tumor  angiogenic  vessel 


o  0  o 


o  © 

0 


© 


Tumor  cells 
-  Endothelial  cells 


*j&A 


QD-PEG  long^ 

1  circulating  probe 

( PEG) 


Jk 

y 


Normal  blood  /asset 


Tumor  angiogenic  vessel 


o 


Tumor  ceils 


o  —  Endothelial  celts 

□□-targeting  probe 
bioconjugate 
{  ,  PEG-  Antibody) 


Tumors 


Injection 

site 


Sentinel  Lymph  Node  Mapping 


■  MR  lymphangiography 

■  Lymph  node  staging  vs.  sampling 

■  Targeted  therapy  of  sentinel  nodes 

■  Intraoperative  lymph  node  mapping3 


Kateb  B  et  al 
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Detection  of  Cardiovascular  lesions 


■  Thrombosis  4* 

■  Atherosclerosis:  detection  of  subclinical 
atherosclerosis4,  real-time  imaging, 
pharmacotherapy,  intervention 

■  Improve  MR  imaging  of  atherosclerotic  lesions 

■  Detection  of  increased  intimal  thickening  via 
contrast  enhanced  MR  with  paramagnetic 
liposomes  [mulder] 

■  New  agents  for  MR  Angiography 


min  5  min  10  min  15  min  20  min  30  min  45  min  60  min 


Native 


Figure  8.  Scanning  electron  micrographs  of  control  fibrin  clot  (A)  and  fibrin-targeted  paramagnetic  nanoparticles 
bound  to  clot  surface  (B).  Arrows  indicate  (A)  fibrin  fibril  and  (B)  fibrin-specific  nanopartid e-bound  fibrin  epitopes. 
Thrombus  in  external  jugular  vein  targeted  with  fibrin-specific  paramagnetic  nanopartid es  demonstrating  dramatic 
f,  -weighted  contrast  enhancement  in  gradient-echo  image  (C)  with  flow  deficit  (arrow)  of  thrombus  in  correspond¬ 
ing  phase-contrast  image  (D).  Adapted  from  Figs  1  and  5  of  Flacke  eta!.,  Novel  MRI  contrast  agent  for  molecular 
imaging  of  fibrin:  implications  for  detecting  vulnerable  plaques.  emulation  2001;  104:  1 280-1 285,  with  permission 
from  Lippincott  Williams  &  Wilkins 


Drug  Delivery 


■  Local  reversible  disruption  of  the  blood 
brain  barrier  with  ultrasound  bursts5 

■  Lysolipid  based  temperature  sensitive 
liposomes  with  chemotherapy  drugs,  local 
thermal  treatment^improve  efficacy  of 
treatment6 

■  Personalized  targeted  gene  therapy 


Kateb  B  et  al 
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Tabic  l 

Namfcalc  drag  delivery  technologic* 


[3ruj5  delivery 
techno  logy 

Materiak 

Namratrueturc  forms 

Biologic 

Lipids 

Vesicles,  nanotuhes, 

rings; 

Peptides 

Nucleic  acids 

Polys  ac  eh  prides 

Viruses 

Nanop  articles 

Polymeric 

Polyiaetic  arid) 

Vesicles,  spheres, 
nanoparticles 

Polyf^lycolic  acid) 

Poly  alkylcyanoaery  late ) 
Poiyj-bydroxybutanoic  acid) 
Poiyonsanopbosphazene) 
Polyethylene  glycol) 

Poiyca  prolactone) 

Polyethylene  oxide) 

Poly  am  idoamine ) 

Poly  [.-.glutamic  acid) 
PoiycthyleneimincJ 
Polypropylene  uninc) 

Micelles,  dendrimers 

S  i  I  icon  based 

Silicon 

Porous,  mnoparticles 

Silicon  dioxide 

Nanranccdles 

Cart™  based 

Garb  on 

Nanotuhes,  follemcss 

MetHlIic 

Gold 

Nanoparticles, 

nanoshells 

Silver 

Palladium 

Platinum 

Carbon  Nanotubes 


etical  and  Computational  Biophysics  Group 

Beckman  Institute 

iversity  of  Illinois  at  Urban  a-  Cl ;  am  pa  ign 
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Loading  of  pMWCNTs7 


ONA  loaded  onpMWCNTs 


siRNA  loaded  on  pMWCNTs 


Kateb  B  et  al. 
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Expression  of  rnRNA  Expression  of  m  FIN  A 


Cytokine  Expression  Profile  for 
BV2  with  and  without  MWCNT 
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MWCNT:  Image  Guided  Therapy 


Preferential  Internalization  of 


pMWCNTs  in  GL261eGFP  and 
BV2  cell  lines 


■=1  GL2SleGFP+pMWCNTs-PKH  24hr 
BVZ+pMWCNTs-PKH24hr 
■=1  BV2+GL3B1  eGFP+pMWCNTs-PKH  24  hr 
BV2  24hr 


ig°  ID1  102  IQ3  10 


<FL2-H>:  PKH26 

FSC-H,  S5C-H  subs  el 


MB  GL26leGFP+pMWCMTs-PKH48hr 
n  I  BW+pMWCNTs-PKH  40 hr 
M3  BW+G4261  eGFP+pMWCNTs-PKH  4Qhr 
BV2  48h  r 
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Internalization  of  MWCNTs  in 
Macrophages 
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Nanosurgery:  femtosecond  laser 
surgery,  dx, target-retina 

■  Optical  bx 

■  dissection  of  human  chromosomes 
intracellular  and  intratissue  nanosurgery 
world-smallest  cut  size  (85  nm) 
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Femtosecond  Laser  Nanosurgery 


(nanoseconds) 


Kateb  B  et  al 
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Nanohydraulic  piston 


Kateb  B  et  al 


Nanorobots  for  Cell  Repair 


lage  courtesy  of  Nanotechnology  News  Network 
u  t  h  o  r  ;  analyst  Svitfinenko  Yuriy 
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ANATOMY  OF  A  NANOPROBE 


Acoustic  relay 

attached  to 
an  onboard 
computer 
sends  and 
receives 
ultrasound  to 
communicate 
with  medical 
team 


Sensors  and 
manipulators 

detect  illnesses 
and  perform  cell- 
by-cell  surgery 


■  Pumps 

remove 
toxins  from 
the  body  and 
dispense 
drugs 

■Outer  shell 

made  of 

strong, 

chemicaliy 

inert 

diamond 


f - WIDTH  OF  A  HUMAN  HAIR - 1 


typical  probe  sizes 

Up  to  10  trillion  nanorobots,  each  as  small  as  l/200th  the 
width  of  a  human  hair,  might  be  injected  at  once 
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US  National  Nanotechnology 
Intiative:  R&D  targets  by  2015 

■  Nanoscale  visualization  and  simulation  of  3-D  domains 

■  Transistor  beyond/integrated  CMOS  <10nm 

■  New  catalysts  for  chemical  manufacturing 

■  No  suffering  and  death  from  Cancer  Tx 

■  Control  of  nanoparticles  in  air,  soils,  and  waters 

■  Advanced  materials  and  manufacturing:  from 
molecular  level 

■  Pharmaceuticals  synthesis  and  delivery:  Vi  from 
nanoscale  level 

■  Converging  technologies  from  nanoscale 

■  Life-cycle  biocompatible/sustainable  development 

■  Education:  nanoscale  vs.  microscale  based 


National  Cancer  Insitute: 
Nanotechnology  &  Nanomedicine 


Kateb  B  et  al 
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Questions? 


biophysics 


■  Uiuc  nanotube 

■  http://www.ks.uiuc.edu/Hiqhliqhts/7section 

=2005&hiqhliqht=2005-01  a 

■  Thinkquest.org:  nanomed  picture 


Swiss  nano  insitute 


■  http://www.nccr- 

nano.orq/nccr/media/qallerv/qallerv  01/qallerv  0 

1  06 

■  Inorganic  nanowires 

■  http://www.nccr-nano.org/nccr/media/contacts 

■  http://www.nccr- 

nano.org/nccr/media/qallerv/qallerv  01/qallerv  0 

1  03#pics  07 


nanoglossary 


■  http://www.nanotech- 
now.com/nanotechnoloqy-qlossarv-M- 

O.htm 


NIBIB/NIH  Programs  for 
Image-Guided  Surgery 

John  Haller,  Ph.D. 
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Mission  of  the  NIBIB 

To  improve  health  by  leading  the  development 
and  accelerating  the  application  of  biomedical 

technologies. 

The  Institute  is  committed  to  integrating  the 
physical  and  engineering  sciences  with  the  life 
sciences  to  advance  basic  research  and  medical 
care. 

NIBIB 

www.nibib,nih.gov 


NIBIB  Scientific  Research 

Program  Areas 


NATIONAL  INSTITUTE  OF 
BIOMEDICAL  IMAGING  AND 
SIOENGIN 


Home 

Funding 

Training 

Health  &  Education 
News  £  Events 
About  NIBIB 
Informacion  en  Espahol 


Picture  Gallery 


Video  Gallery 


Help  |  Site  Index  |  Staff  Directories 


Enter  Search 


Home  >  Research 

Scientific  Program  Areas  (Extramural) 

►  Biomaterials 

►  Biomechanics  and  Rehabilitation 

►  Biomedical  Informatics 

►  Drug  and  Gene  Delivery  Systems  and  Devices 

►  Image-Guided  Interventions 

►  Image  Processing.  Visual  Perception  and  Display 

►  Imaging  Agents  and  Molecular  Probes 

►  Magnetic.  Biomagnetic  and  Bioelectric  Devices 

►  Magnetic  Resonance  Imaging  and  Spectroscopy 

►  Mathematical  Modeling.  Simulation  and  Analysis 

►  Multi-Scale  Modeling  Initiative 

►  Medical  Devices  and  Implant  Science 

►  Micro-Biomechanics 

►  Micro-  and  Nano-Systems;  Platform  Technologies 

►  Nanotechnology 

►  Nuclear  Medicine 

►  Optical  Imaging  and  Spectroscopy 

►  Sensors 


http://www.nibib.nih.gov/Research/ProgramAreas. 

— — - - — — — - - — www.nibio.nih.gov 
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NIBIB  Programs  for 
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Objectives 

■  Foster  the  invention  and  development  of  innovative, 
minimally  invasive  image-guided  procedures  to 
replace  traditional  surgery  and  invasive  techniques. 

■  Enable  new,  faster  and  more  precise  treatment  and 
biopsy  procedures  that  minimize  unintended 
damage  to  healthy  tissue. 

■  Integrate  multi-dimensional  data  from 
complimentary  sources  including  MR,  CT,  nuclear, 
optical  or  ultrasound  for  real-time  guidance 


NIBIB 

www.nibib,nih.gov 


National  Institute  of  Biomedical 
Imaging  and  Bioengineering 


Image-Guided  Surgery 


Image-guided 
surgery  requires: 


virtual  image. 


a  source  of  images 

%  '  * 

linked  to  the 

| 

patient 

target  definition  in 

the  real  3D  patient 

related  to  the 

my '  iv  <fj| 

1 

•\\ 

-«■  •—I 

r  l 

-fl* 

Imaae  courtesy  of  F.  Jolesz 


NIBIB  Past  Requests  for  Applications 
(RFAs)  for  Image-Guided  Interventions 
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2003  RFA 

Image-Guided  Interventions 

$5M/yr  set  aside 
R21s  and  ROIs  awarded 

2007  RFA 

Technology  Development  of  Image-Guided  Interventions: 
Phase  I  (R21) 

$5M/yr  set  aside 

1 1  R21s,  $300K  per  year  direct  costs 

First  phase  of  a  two-phase  project  to  deliver  high  clinical  impact, 
disruptive  technologies  for  image-guided  interventions 

NIBIB 

www.nibib.nih.gov 


RF  Ablation  to  correct  abnormal  heart  rhythm 


Richard  Robb,  Mayo  Clinic 


Potentially  life-threatening  cardiac  arrhythmias  can  be 
corrected  by  minimally  invasive  procedures  whereby  an 
ablation  electrode  is  introduced  into  the  heart  through  a 
catheter  and  used  to  destroy  anomalies  in  the  heart’s  'wiring'. 


5-D  Image-Guided  Cardiac  Ablation: 

Improved  visualization  can  significantly  reduce  treatment  time 
Richard  Robb,  Mayo  Clinic 


Electrophysiology  is  used  to  locate  areas  of  heart’s  atrium  that  give  rise  to  the 
abnormal  electrical  impulses  that  cause  arrhythmias.  Electrical  flow  information 
is  then  used  to  guided  treatment  (RF  ablation)  of  the  abnormal  tissue. 


2007  RFA 
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Technology  Development  of  Image- 
Guided  Interventions:  Phase  I  (R21) 


f- 

ARMAND,  MEHRAN 

JOHNS  HOPKINS  UNIVERSITY 

1  mage-Guided  Osteoporotic  Bone  Augmentation  with 

1  ntraoperative  Biomechanical  Guidance 

TEARNEY, 

GUI  LLERMO 

MASSACHUSETTS  GENERAL 

HOSPITAL 

Miniature  Laser  Therapy  Endoscope 

NEVO,  EREZ 

ROBI  N  MEDI  CAL,  1 NC. 

MRI -mediated  radiofrequency  ablation 

PAULY,  J  OHN  M. 

STANFORD  UNIVERSITY 

MRI -Guided,  Robotically  Controlled  Cardiac  Ablation 

GOUNI S, 

MATTHEW 

UNI  V  OF  MASSACHUSETTS 

MED  SCH  WORCESTER 

Mechanical  Clot  Obliteration  for  the  Treatment  of 

Stroke 

FRANGI  ONI ,  J  OHN 

BETH  ISRAEL  DEACONESS 

MEDICAL  CENTER 

Spatially  Modulated  Near-Infrared  Light  for  Image-Guided 
Cancer  Surgery 

WOLF,  PATRICK  D 

DUKE  UNIVERSITY 

Ultrasound  Based  Multimodal  1  maging  System  for 
Guiding  Cardiac  Ablation  Therapy 

STETTEN,  GEORGE 

UNIVERSITY  OF  PITTSBURGH 

AT  PITTSBURGH 

Holographic  Sonic  Flashlight  for  Guiding 

1  nterventional  Procedures 

PAPADEMETRIS, 

XENOPHON 

YALE  UNIVERSITY 

Image-Guided  Deep  Brain  Microscopy  for 
Neurosurgical  1  ntervention 

MIGA,  MICHAEL 

VANDERBI  LT  UNIVERSITY 

Correcting  for  Soft  Tissue  Deformation  in  1  mage- 
Guided  Liver  Surgery 

*.  iii-kin 

FOWLER,  DENNIS 

COLUMBIA  UNIVERSITY 

HEALTH  SCI  ENCES 

N  1  D  1  D 

1  mage  Guided  1  n  Vivo  Tooling  Platform  ..  jdSr 

for  Minimal  Access  Surgery  WWW.mbib.nih.QOV 

National  Institute  of  Biomedical 
Imaging  and  Bioengineering 


National  Center  for  Image-Guided  Therapy 

Ferenc  Jolesz,  Brigham  and  Women’s  Hospital 


AlfflGO 

NtlGT's 'Advanced:  MuKimod.iflrty  irvuge  i.-ui(le-d  Operating  lAMIGG*  s-rie  a  ccHafcio.-s£icn  wrlh  Qz 
H&ahhcsfe,  \3  a  p'Ofvins  prcund  -or  future  ^k^cgI  pnocBtfUres.  This  "OR  otthc  future"  v?\\  proviria  chs 
latest  imasng  arc  compulcdiotsl  tcob  So  the  surreal  team  Pt  .id  men  c  • 


3  Bioimaging  and  Intervention  in 
Localization-Related  Epilepsy 


James  Duncan,  Yale  University 

2-R01-EB000473-06 
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co  Responsive  Neurostimulator  (RNS) 

co  o>  Continuously  monitor  electrical  activity 

o  ‘5)  Detect  suspected  seizure  onset:  deliver  brief  and  mild  electrical 
■jjj  ^  stimulation  to  suppress  the  seizure. 


N1BIB 


www.nibib,nih.gov 
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BECON  Biomedical  Engineering 
Research  Funding  Opportunities 

■  Exploratorv/Developmental  (R21) 
Bioengineering  Research  Grants  -  PA-06-058  - 
Released  May  24,  2006  Receipt  Dates: 
Standard  R21  Receipt  Dates 

■  Bioengineering  Research  Grants  (BRG)  -  PA- 
06-419  -  Released  May  17,  2006  -  Receipt 
Dates:  February  1,  June  1  and  October  1 

■  Bioengineering  Research  Partnerships  -  PAR- 
06-459  -  Released  June  12,  2006  -  Replaces 
PAR-04-023  -  Receipt  dates:  September  20, 
2006  and  January  22,  2007.  Letter  of  Intent 
Receipt  dates:  August  20,  2006  and  December 

20,  2006  www.nibib.nih.gov 


National  Institute  of  Biomedical 
Imaging  and  Bioengineering 


NIH  Grant  Applications 


♦ 


Most  important  are.... 
investigator-initiated  (unsolicited)  grants 

You  don’t  have  to  fit  into  an  initiative 

. . .  .we  want  to  help  you  get  YOUR  best  ideas  funded 


www.nibib.nih.gov 


NIBIB 


Life  Cycle  of  a  Grant 

Application 


(Investigator-initiated  or  responding 
to  announcements) 

♦ _ 

Receipt  and  Referral 

Scientific  Repew  Groups 


Three  overlapping  receipt 
cycles  per  year 


Funding  Decision  by  IC’s 
National  Advisory  Council, 
based  on  Priority  Score  and 
Program  Prili&ies 


www.nibib,nih.gov 
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Other 

Research 

$5,505 

1.9%  - 


Training 
(F  &  T  only) 

$11,154 

3.8% 


Contracts 

$14,435 

4.9% 


FY  2007  NIBIB  Budget 

(Dollars  in  Thousands) 


Centers 

$27,750 

9.3% 


Intramural 

$7,718 

2.6% 


RMS 

$15,799 

5.3% 


FY  07  Joint  Resolution  = 
$296,887 


RPGs 

$214,526 

72.2% 


NIBIB 


www.nibib.nih.gov 


National  Institute  of  Biomedical 
Imaging  and  Bioengineering 


A  NIBIB  FY07  Pay  Plan 

19th  Percentile  for  ROIs,  R21s 

New  Investigator  Policy 
Additional  5%  for  new  investigator  R01 


www.nibib,nih.gov 
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Scientific  Goals 

NIBIB  Strategic  Plan,  2005-2010 

■  A  strong  extramural  research  community 
focused  on  ...  science  and  technology  to 
improve  health. 

■  Support  investigator-initiated  projects 

■  Targeted  research  programs 

■  Accelerate  translation  of  promising 
technologies 

■  Reduce  health  disparities  through  new 
and  affordable  medical  technologies 

^  NIBIB 

www.nibib.nih.gov 


Appropriate  technology  for 
cervical  cancer  detection 


A  new  cervical  cancer 


detection  method  uses  a 
small  fiber  optic  probe 


Developed  by  Rebecca 
Richards-Kortum,  Rice 


Univ.,  Chair  of 
Biomedical  Engineering 


<■ 


Transforming  medicine  and 
health  through  discovery 


NIBIB 


John  Haller 


www.nibib.nih.gov 


Progress  and  hurdles  in 
mapping  stroke. 


Walter  J.  Koroshetz,  M.D. 

National  Institute  of  Neurologic  Diseases  and  Stroke 
Work  of  the  MGH  stroke  and  neuroradiology  services 

Martinos  MRI  Center 


Acute  pre 
lysis  scan:  5 
hrs  of  onset 


Acute  Stroke  Imaging  in  the  Best  of  All 
Possible  Worlds:  The  Questions. 

Blood  or  no  blooc^ 

Vascular  Lesion  & 

Risk  of  hemorrhage  with  reperfusion  + 

Ischemia?  Mapping  regions  are  at  risk  of 
infarction.  + 

Infarction?  Mapping  already  infarcted 
regions  (not  salvageable  by  reperfusion).  + 

Functional  outcome  prediction  based  on 
maps  of  infarct/salvageable  tissue  - 


no.  of  voxels  No.  of  Voxels 


PET  vs  DWI 


Guadango  et.  Al 
JCBFM  24:1249 
2004 


ADC 


ADC 


PET  defined  core 
with  lower  average 
ADC  values,  but 
overlap  with  normal 
ADC  distribution 


PET  defined 
penumbra 
includes  some 
regions  with  low 
ADC 


B 


1st  DWI 


Repeat  DWI  after  rt-PA™, 


Volumetric  comparison  of  TTP  (MRI)  and  OEF  (PET)  images  in  2  patients  measured  in  the  chronic 

phase  of  stroke 


Sobesky,  J.  et  al.  Stroke  2005;36:980-985 

Stroke 

Copyright  ©2005  American  Heart  Association 


American  Stroke 
Association® 

A  Division  of  American  || 
Heart  Association 


Large  Mismatch  but  really  not 
tissue  “at  risk”;  NIHSS=4 


DWI 


MTT 


ADC+T2  rCBV+rCBF 


Fn11nw-iir> 


All 


95%  Cl:  lower  95%  Cl:  upper 


CBF  ratio 


IA  lysis  cases:  CBF  in  core,  lost,  and 

salvaged  regions  Pamela  Schaefer,  Luca  Roccatagliata 
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study: 
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Converting  from  brain  maps  to 
functional  outcome 

•  Clinical  question:  is  it  worth  the  risk  to 
attempt  to  reperfuse  the  salvageable 
tissue. 

-  Depends  upon: 

•  Volume  of  tissue 

•  Location  of  tissue 

•  Recovery  process 

•  Unknowns? 

Risk  of  reperfusion  injury-  ie.  hemorrhage,  brain 
edema, 


Functional 
correlate  of 
salvaging  tissue 


NIH  scores  mapped  to  brain  region 

affected  by  infarct. 

Menezes  et.  al.  Stroke  2007;  38:197 


The  vertical  dimension  is  colorized  to  indicate  relative  impact  in  NIHSS  units  ,  more  red 
=greater  deficits. 


Future 


Prediction  of  a  patient’s  functional  deficits 
with  and  without  therapy  balanced  by 
assessment  of  risk  of  therapy  related 
complication. 

Multifactorial  model  based  on  brain  maps 
that  predict  infarction  and  functional 
benefits  of  reperfusion. 


Terra  incognita :  imaging 
research  opportunities  directed 
toward  a  better  understanding 
of  the  assembly  of  the  human 

brain 

Authors:  Christian  Macedonia 
MD,  Jeri  Miller  PhD,  Kenneth 

Curley  MD 
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DISCLAIMER 


i  This  presentation  was  prepared  as  a  service  to  the  medical 
educational  community.  Neither  the  United  States  Government  nor 
any  of  their  employees,  makes  any  warranty,  expressed  or  implied, 
or  assumes  any  legal  liability  or  responsibility  for  the  accuracy, 
completeness,  or  usefulness  of  any  information,  product,  or  process 
disclosed,  or  represents  that  its  use  would  not  infringe  privately 
owned  rights.  Some  material  may  be  covered  under  the  provisions 
of  Title  17  U.S.C.  Section  107. 

Reference  herein  to  any  specific  commercial  products,  process,  or 
service  by  trade  name,  trademark  manufacturer,  or  otherwise,  does 
not  necessarily  constitute  or  imply  its  endorsement, 
recommendation,  or  favoring  by  the  United  States  Government.  The 
opinions  of  the  author  expressed  herein  does  not  necessarily  state 
or  reflect  those  of  the  United  States  Government,  and  shall  not  be 
used  for  advertising  or  product  endorsement  purposes. 
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The  TA  TRC  Mission: 
Re-engineering  Medicine 


i  Proteomics-Genomics 

Advanced  Medical 
Imaging  and  Image 
Guided  Therapies 

Regenerative 

Medicine/Bioengineered 

Tissue 

Replacements/Cloning 

Medical  Robotics  and 
Minimally  Invasive 
Surgery 

Bio-informatics 

Medical  Simulation 


—  v 


A  METRO  Pitch 


Look  Familiar? 


I  35  Bridge  Minneapolis  MN 


What  if... 


A  construction  worker  presents  himself  to 
the  NTSB  investigators  and  says  “I  worked 
on  the  1-35  bridge  construction  in  the 
1960s  and  I  took  to  work  every  day  one  of 
these....” 


“...and  filmed  all  my  friends  while 

they  worked  on  the  construction  at  the  site. 


How  valuable  would  those  films  be  now? 


.butkus.org 


How  important  is  knowing  the  construction  methods 
in  understanding  prevention  of  disasters  and  in 
optimizing  repair? 


•  J*  4 


Vv  *\ 
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22  week 


15  week 


17  week 


18  week 


21  week 


19  week 


20  week 


22  week 


21  week 


17  week 


20  week 


18  week 


19  week 


15  week 


•It 


Human  brain  under  construction 


Perspective 


i  A  calendar  year  2007  records 
search  of  the  MEDLINE 
PubMed  database  showed  the 
there  are  24  peer  reviewed 
manuscripts  indexed  for  title 
words  “imaging,”  “brain,”  and 
“structure,” 

80  manuscripts  indexed  for 
“imaging,”  “brain,”  and 
“development.”  The  majority  of 
these  papers  have  been 
published  only  within  the  past 
five  years. 


i  4533  indexed  for  brain  imaging 


□  Imaging  Brain 


□  Plus  Stucture 
or 

Development 


There  is  scant  research  into  the  structural 
development  of  the  human  brain 
correlated  to  genomic  data. 

i  Most  papers  detailing  genotype- 
phenotype  correlations  explore  known 
severe  single  gene  disorders  in  small  case 
series. 


“The  Child  is  the  father  of  the  Man.” 

William  Wordsworth 


http://cuip.uchicago.edu/advwww/98/epullman/premie.jpg 


David  Barker  CBE 

http://www.oundlechronicle.com/articles/newsandsport/330/ 


http://www.ast-services.co.uk/casualty-care_clip_image004.jpg 


David  Barker  and  the  fetal  origins  of  adult  diseases 
hypothesis.  (Barker  DJP,  ed.  Fetal  and  infant  origins  of 
adult  disease.  London:  BMJ  Books,  1992) 

i  Epidemiologist 

Studied  the  correlation  between  fetal  complications  and 
adult  coronary  artery  disease,  impaired  glucose 
tolerance,  and  hypertension 


Beyond  the  hypothesis  of  David  Barker 
that  there  are  many  adult  diseases  with 
fetal  origins,  there  is  an  intuitively  obvious 
first  principle  that  if  modern  medicine 
hopes  to  repair  adult  brains  (damaged  by 
war  injuries,  automobile  accidents,  stroke, 
or  neurodegenerative  disorders)  there 
needs  to  be  a  better  understanding  of  how 
human  brains  are  assembled. 


Opportunities  to  expand  our  knowledge  on 
human  brain  construction  exist  in  the  areas  of 
observational  imaging  research  including 
functional  imaging 

i  Non-invasive  perinatal  imaging  with 

-  MRI 

-  MRSpectroscopy 

-  SQUID 

-  4DUS 

The  “omics”;  particularly  genomics-proteomics, 
and  correlative  computer  modeling. 


If  it  were  easy,  it  may  already  have 

been  done... 


Anything  involving  fetal  research  is 
not  considered  “minimal  risk” 


i  Fetuses  develop  in  their  own 

*4 

sequestered  compartment  surrounded 

by  another  person’s  tissue 

| 

i  Functional  imaging  of  a  fetus  requires 

i  K.  4t 

a  much  more  interdisciplinary 

research  plan  in  order  to  protect  the 

safety  of  both  mother  and  her 

developing  child.. 

Avoidance  of  ligands,  ionizing 

radiation  or  high  SAR 

Sonography 


Identify  Interplay  of  Factors 
That  Drive  Development 
Across  Integrated 
Aerodigestive  and  Motor 
Systems  Within  the 
Fetal  Environment 

Enhance  Identification  and 
Quantification  of 
Morphology  and 
Emerging  Behavioral 
Organization 


Computer  -  Aided 
Diagnosis 


K-Classifiers 
Bayesian 
Classifiers 
Fuzzy  Logic 

Comparison  to 
FLM,  L/S 
Ratios 

3D  Volumes 
Fluid  Dynamic 
Models 


File  Edit  Debug  Desktop  Window  Help 


Current  Directory: 


aerogram  FilesW1ATLAB71  >200512006\work 


Shortcuts  0  How  to  Add  0  What's  New 


To  get  started,  select  MATLAB  Help  or  Demos  from  the  Help  menu 


The  Gestational  age  is  : 32-35  weeks  [c5] 


File  Edit  View  Insert  Tools  Desktop  Window  Help 


Respiration  Signal  Waveforms  (cm/s) 


Time(s) 


D1  3.1  Gem 
D2  5,Q4cm 
Vo  I  Al  Q4cm* 


D1  Z.BOcm 
DZ  3.21cm 
D3  1 ,49cm 
Val  7  OZcm3 


ISBI  (2006). 


ANrJS:  Adaptive  Nsuro-Fu zzy  Jri'fsrsric* 

1  iTLn. 

^ys  ism  Membership  Function  for  Pathology  Classification 


Apply  Fuzzy  Operator:  AND 


Obtain  One  Number  That  Represents  The 
Result  Of  The  Antecedent  For  The  Rule 


Inputs(31 

□ 

Features) 

S3 

Fuzzify  Inputs:  Each  Input  Associated 
With  3  Membership  Functions 


Aggregation:  The 
Fuzzy  Sets  That 
Represent  The 
Outputs  Of  Each  Rule 
Are  Combined  Into  A 
Single  Fuzzy  Set 


Defuzzification: 
Defuzzify  The 
Aggregate  Output 
Fuzzy  Set  To  A 
Single  Number 


(MathWorks,  Inc.) 


C  ana  lie  ular  (16-26  w) 

Airways w id en-leng then  leading  to 
potential  airspace  for  lungs.  Terminal 
and  respiratory  bronchioles. 


Cl:  16.0- 19.6  wGA 


Saccular(26-term)/Alveolar(32+): 
Alveoli  develop  from  terminal  saccules. 
Surface  area  increases.  Capillary  growth 

Surfactant. 


SQUIDs 


Superconducting 

Quantum 

Interference 

Devices 


Japan  Information  Processing 
Development  Center  (JIPDEC) 


Eswaran  H,  et  a!.,  Fetal  magnetoencephalography — a  multimodal  approach.  Developmental  Brain 

Research  154:  57-62,  2005. 

Preissl  H,  et  al.,  Fetal  magnetoencephalography:  current  progress  and  trends.  Experimental 
_  Neurology  190:  S28-S36,  2004. 


R 
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Position  Recorded  by  Ultrasound 

Researchers  recorded  a  fetus  at  36  weeks 
responding  to  sound  stimuli  and  monitoring 
spontaneous  brain  activity.  (Left):  A  cartoon 
indicates  the  intrauterine  fetal  position  at  the 
time  of  the  study  obtained  using  ultrasound. 
(Bottom  left):  The  location  of  spontaneous 
brain  activity  and  responses  to  sound  are 
shown  over  SARA's  151  sensor  array. 
(Bottom  right):  A  color-coded  map  sho 
the  magnetic  field  distribution  for  brain 
activity  and  sound  response.  The  color¬ 
coding  is  based  on  the  intensity  and  the 
direction  of  the  magnetic  fields  at  a  given 
time  point. 


Auditory  Evoked 
Response 


cortical  auditory  evoked  responses  (CAER) 


Fetal  Magnetic  Resonance 


Linking  Brain  Maping,  Genomics, 
Tissue  Repair,  and  Fetal  Brain 

Development 

i  Prime  candidates  for 
study  are  SHH  and 
TGIF  (Transforming 
Growth  factor  beta- 
induced  Factor) 


Opportunities  abound  for... 

Multidisciplinary  research  teams  using  the  right 
technologies  for  the  benefits  of  fetuses,  mothers, 
and  the  brain  injured  patient... 

-  Neurologists/Neurosurgeons 

-  Physiatrists/Therapists 

-  Pathologists 

-  Radiologists 

-  Mathematicians 

-  Geneticists 

-  Software  engineers 

-  Perinatologists 

2100  Severe  TBI  cases  to  date  in  OIF 


www.urmc.rochester.edu/neuroslides/slide133.html 
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Toward  Guidelines 
for  Image-Guided  Neurosurgeries 


Jean-Jacques  LEMAIRE  MD,  PhD 
Inserm  ERIM-ERI  14,  Auvergne  University 
University  Hospital  of  Clermont-Ferrand 
France 


nserm 


Image  Guided  Neurosurgery  &  Guidelines 


1 983-2007 


ed 


A.  service  of  the  National  Library  of  Medicine 
and  the  National  Institutes  of  Health 


wwW'pubmed,  gov 


800  publications  out  of  860  'Remo 

colon,  oesophage,  pulmonary,  block  (anegjji.),  dugTlfebgj^T) 


state,  nerve,  body,  liver,  lung,  pancreas,  hepatic, 


'sor-oo^o  — 

OnOnOnOn  OOOOOOO 
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Background 


Future  trends 
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Image  Guided  Neurosurgery  &  Guidelines 


Breeuwer  M  et  al. 

The  EASI  project-improving  the  effectiveness  and  quality  of  image-guided  surgery 
IEEE  Trans  Inf  Technol  Biomed  1998  Sep;2(3)  156-68 

"  1 _ 

Lee  JY  et  al. 

Brain  surgery  with  image  guidance  current  recommendations  based  on  a  20-year  assessment 
Stereotact  Funct  Neurosurg  2000;75(1)  35-48 


WRim 


Background 
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The  European  Applications  in  Surgical 
Interventions  (EASI)  project 

image-guided  neurosurgery 

for  tumor  resection,  biopsy,  endoscopy  and  catheter 
placement 

Philips  Medical  Systems  (Nederland) 

Conclusion 

-  “The  demonstrator  is  highly  appreciated  by  the 
clinical  users” 

-  “And  increase  the  accuracy  of  neurosurgery  as  well 
as  the  confidence  of  the  neurosurgeon” 


Background 


I GNP 

From  Neurosurgeries  to  Neuro  Procedures 

1  patient  /  a  single  act  /  invasive  or  not 
physical  “tool” 

•  Resection 

•  Lesioning:  coagulation,  occlusion,  freezing,  ionization... 

•  Non-lesioning  modulation  system  (implant,  external  tool): 

-  Stimulation  (electric,  magnetic),  blockage  system 

-  Drug  delivery  system  (pharmaceutical  compound,  graft...) 

-  Multifunction  system:  e.g.  electric  membrane  modulation  +  drug  delivery 

physical  route  of  administration  : 

•  http://www.fda.gov/cder/dsm/DRG/drqoa  :  Interstitial,  intracerebral,  intralesional, 
intrameningeal,  intra  thecal,  intraspinal,  intratumor  Intratissular ... 


Rational  for  guidelines 
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,GNp/  Current  clinical  context 


Procedures 

-  Invasive 


•  Neurosurgery:  craniotomy, 
stereotaxy... 

•  Endovascular  interventional 
techniques 


-  Non  invasive 

•  (r)TMS 

•  radiosurgery  [radiotherapy 
...GTV,  PTV,  PIV,  TV] 


Core  of  IGNP: 

IDENTIFICATION  (pre/intra) 

-  Target 

•  Anatomic  structure 

•  Lesion 

-  Anatomic  environment 

•  Structures 

•  Functions 

3-STEP  PROCESS 

-  Imaging 

-  Planning 

-  Navigation 


Rational  for  guidelines 


Procedure _ Radiology 


Wkm 


Rational  for  guidelines 
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I  mage-data,  matching 


With  the 


surgical 


markers, 

stereotactic 

frame 


MISE  EN  CORRESPONDENCE 
DERNIER  RESULTfiT  =  2.0 

NOUUEflU  RESULTfiT  *  xxx.x 

SfiUUER  LE  NOUUEfiU  PfiR  OK  OU 
OfiRDER  LE  PRECEDENT  PfiR  SORT  I R 
RECOMMENCER  Lfi  M.E.C.  PfiR  RETOUR" 


r 

^  , 

pf 

^  ■  nr  ' 

'h.-*— ■ rrr 

#l§j 

Stott- 

n 

Information  available  in  the  clinical  context: 


gl 

0",’  0  C=>  C=^ 

O  <3  O 


Rational  for  guidelines 
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Information  available  in  the  clinical  context 

ms  pei  I  mage-data,  match  i  ng 


Do  you  accept  the  “fusion”  ? 


2.-  Between  sets 
of  images 


Fusion 


Rational  for  guidelines 
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Potentially  useful  parameters  for  the  clinician 


IGNP 


Imaging  related  parameters 


Intrinsic  to  the  machine 
CT,  MRI,  PET.. 


IGNP. 

Automatic  1 

(Imaging 

ta  } 

Planning 

Pre  planning  4 

processing 

•Manutaclurer-  1 1 

based  " 

•Qicum-oased 

[  Navigation 

Navigation  1  p 

«■**<§  I? 

5 


•Movements:  detection  / 
correction 

•Data:  Reconstructed  or  raw 
•Voxel  size,  slice  gap 
•Location  system:  declaration, 
type... 

•Post  imaging  processing: 
declaration,  type 


Patient  related 
(cooperation...) 

Imaging:  resolution,  type 
of  sequence,  raw  or 
reconstructed  data... 

Type  of  location  system 

(stereotactic  system,  markers  ...) 


Suggestion 
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Potentially  Useful  parameters  for  the  clinician  ignp^ 


— 

•Pre  processing  type 
•Display  parameters:  voxel, 
interpolation 

•Ul  processing:  Object  vs  image-sets, 
matching  settings 


Planning  related  parameters 

•  Intrinsic  to  software 

-  Pre  processing  =>  Dicom 
or  not  Dicom  based  ) 

-  Display  modalities 

•  Operator  related 

-  Medical  knowledge: 
anatomy,  pathology 

-  User  Interface:  creation  of 
objects  (volume, 
trajectories),  data  sets 
manipulation... 


Suggestion 
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Potentially  Useful  parameters  for  the  clinician 


IGNP/ 


•Accuracy  of  matching  (mm...) 
•Display  of 
•Flags 

•Confidence  in  objects 


Navigation  related  parameters 

•  Intrinsic  to  the  technology 

-  software 

-  hardware 

•  Operator  related 

-  Registration  quality 

-  User  interface  utilization 

•  Accuracy  of  matching 

-  Between  the  virtual  and  surgical 
spaces 

-  Inside  the  virtual  space  (MRI, 
CT,  Pet...) 


Suggestion 
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Concept 


Validate 
Not  validate 
Incomplete 


Navigation 

Planning 

Imaging 


ft  ■- 

>■  ..  ■/.  j  V-> 

V",  ■*  i 


I GNP 


Confidence  step  3  = 
paging  parameters 


Confidence  step  2= 
Planning  parameters 


Confidence  step  1  = 
Navigation  parameters 


Confidence  step  0=  Object-Image 
Object=Target  (T-l)  or  Neighbors  (N-l) 


R5ira 


Suggestion 


Offer 


•  A  meeting  under  the  auspice  of  IBMISPS 

-  Industry  partners:  Imaging,  planning,  navigation  (Isis,  Medtronic,  BrainLab...) 

-  Advanced  user  clinicians 

-  Scientific  societies:  Bioengineering,  Dicom,  Neurosurgery... 

-  Official  governmental  partners,  ... 

•  Toward  guidelines 

-  for  the  technologies 

•  Pertinent  parameters 

•  Input-Output  data  format  (object. . .) 

•  Standard  bench-tests;  phantoms 

-  for  the  practitioner 

•  Medical  education 

•  Clinical  practice 


Suggestion 
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To  anticipate  the  future  clinical  applications 


True  stereoscopic  3D  environments 

-  learning:  (augmented)  virtual  reality 

-  practice: 

•  augmented  reality 

♦  enrichment  of  image-data  =>  data  fusion 

To  mark  out  the  route  of  mini-nano  technologies 


Future  trends 


Telemedicine  &  Advanced  Technology 

- Cutting  Edge  Medical  Technology 

U.S.  Army  Medical  Research  &  Materiel  Command 


IBMISPS2001 

Neuroscience  Research  at  the  U.S.  Army 
Telemedicine  and  Advanced  Technology 
Research  Center:  Opportunities  for 
Engaging  the  Brain  Mapping  and 
Intraoperative  Surgical  Planning 

Communities 
Kenneth  C.  Curley,  MD 

m  jm& 


technology  research  center  (TMKC) 


ADVANCED 


TELEMEDICINE 


Kenneth  C.  Curley,  MD 

Chief  Scientist,  Neuroscience  Portfolio 
Assistant  Professor  of 


% 

SiirgBr/  mitl  iiioiiiBilteiil  IMomiimya 
Unitariiigfl  Jsr  '/ksii  Jnly&rdty 

01  tilB  ii  Bit!  til  ^BiBIiBB^ 

^OBdiii  Aiiakiiim:  to  Uib  JJljrBBi 
'USUIE!  CBJjiBi*  for  Uhi&ib. 
ilimiiuumriiui  A^itemntB  MBdioluB 


TATRC 


COL  Karl  E.  Friedl,  Ph.D. 
Director,  TATRC 
Fort  Detrick,  Maryland 


COL  Ron  K.  Poropatich,  M.D. 

Deputy  Director^  TATRC 

Fort  Detrick,  Maryland  f^j§.  , 

l¥r1 


Telemedicine  and  Advanced  Technology  Research  Center  l XATRC) 
U.S.  Army  Medical  Research  and  Materiel  Command 


Mission 

Execute^ a  congressional  speciaLinterest  program  of 
medicaLscienee  and  technology  research  that 
maximizes  benefits  to  military  medicine 


Vision 

Be  the  model  of  government  enabiemenflor 

technology  transfer  to  use 


TATRC 


2  February  2007 


Research  Portfolios 


Key  Product  Lines 


Medical 
Robotics 
(Dr.  Gilbert) 


Health 
Information 
Technologies 
(LTC  Pak) 


Medical 

Imaging 

Technologies 

(Macedonia/ 

Marchessault) 


Chronic 

Disease 

Management 

(Poropatich) 


Advanced 
Prosthetics 
and  Human 
Performance 
(Evans/Turner/ 
Lenhart) 


Computational 

Biology 


BHSAI 

BIC 

(Reifman) 


Mobile 
Computing 
and  Remote 
Monitoring 
(Lai) 


Simulation 
and  Training 
Technology 
(Wiehagen) 


New  Initiatives  &  Basic  Science 


Neuroscience 

(Curley/Cardin) 


Regenerative 

Medicine 

(Lai/Curley) 


Nano-Medicine 
and  Biomaterials 
(Grundfest) 


Medical 

Logistics 

(Story) 


V/jVV' 

Sfc> 


* 


PI 
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Funding  Mechanisms 


Congressional  Appropriation 

T AT  F^ign  a  napes  pr^igcts^spanning.basic.principlesQfaneyr^traumaio. 
gjjflfcal  ou]conias/eseQf|g1i  ■  Manv^fJhese  prQiects„cros3,PQrtM 
.^nqaqrng'adiCTffe  modeling  Bild^imulatipn .and 

rosthetics/human  performance  rela+*H  whnninninc 


;ri 

ral  Small  Business  based  initiatives  focused  on 
;e  include  part  task  trainers  for  management  of 
hemorrhage,  trainers  for  regional  anesthesia  pain 
nt  and  development  of  riori-irivasive  systems  for  assessm 
rariial  pressure. 

Partners  (Innovation  Funding) 

developed  a  large  network  of  like-minded  and  engaged 
organizations  arid  works  to  maintain  synchronization  witmpihai 
network.  Irinovation  luiictipg  is  directed  towards  seed  funding  pf  new 
ideas  of  military  medical  relevance,  arid  is  limited  to  5250,000  (orjes 
per  project. 


k 


A 


History  of  the  Portfolio 


Essentially  two  projects  until  FY06 

-  Brainy Bfoloqv  arad’Maglaine«(iUnii y,,  Oregon) 


or  amputations,  TBI  and  5CI 
C5I  funding.  Also  integrated 
Fieri  t  of  F'AD2  arid  PAD3  CSI  proj^<~r 

cierice  crosses  rnariy  other  TATFtC 
Ftfolios,  thus  Innovation  funding  was 
Derided  for 


A  View  of  the  Portfolio 


•  Education  and  training  components 


Neuro- 

prostheses 


And  other  behavioral 
pathologies  of 
war 


Auditory  issu^ 


I  maging 


Human 
Performance 
(Incl  rehab) 


Neuro- 

degenerati 


eluded 


Pain  management  is  also 


included 


Blast  physics  and  monitoring 


TBI  Scope 


1.4M  incidents  of  TBI  in  the  US  annually 

-  235,000  hospitalized 


eey  is  huge  ($B’s)>  both  medically  arid 


on  T  error  ism 

29  patients  with  TBI .  Data  from  1/03  -  04/3 

lild  TBI  (mTBI )  remains  a  diagnostic  crialleric 

Significant  co-iriciderice  of  behavioral  pEithplogisf 
including  PTSD 


nove 


TRAUMATIC  BRAIN  INJURY-Scope  of  the  Problem 

Data  from  Defense  Veterans  Brain  Injury  Center  (DVBIC)  April  2006 


TBI  INJURY  MECHANISM  TBI  SEVERITY  OF  INJURY 


Other 

4%  Moderate 


Spectrum  of  TBI  range  from  Mild  to  Severe 

Mild  62% 

Ope  rat  ional  Breakout 


Source:  Defense  Veterans  Brain  Injury  Center 
POC:  Colonel  Michael  J.  Carino,  OTSG 


OIF 

OEF 


96% 

4% 


MRI-DTI  Tractography  to  Quantify  Brain  Connectivity  in 
Traumatic  Brain  Injury  (Manbir  Singh,  PhD,  USC) 


Develop  improved  algorithms  to  address  challenges  in  existing  DTI  technology 
(e.g.  fiber  boundaries  and  fiber  crossing) 


Stimulation  Through  Simulation: 
Maintaining  and  Retraining  Brain 
Organisation  Following  Deafferenting  Injuries, 


Scott  Tkex.  PhD.  University  of.  Oregon 


Goal:  Rcline  a  computerized  battery  of  motor  simulation  tasks  to 

^  j 


nW^bsencg'ortraBERMirrnb'yBriiSir! 


s  of 


I  mage  Courtesy  of  Scott 
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I  mage  Courtesy  of  Scott  Frey,  PhD 


4  mths.  Post-op:  Hand 

Movements 


Intact  Hand 


Transplanted  Hand 


I  mage  Courtesy  of  Scott  Frey,  PhD 


Portfolio  Gaps 


Gaps-Protection/Prevention 

ducation.  (Providers  and  Servicemembers) 


ipa 


sessments  (from  first  provider  to  years  aft  ■ 
ities  for  advanced  imaging  modalities) 

ts/Databases 


R< 


onal  Protective  Equipment 

Including  dosimeters  and  physiologic  monitor 
based  and  image  based  biomarkers) 

utrition  (neuroprotection) 

ologv  (neuroprotection/neuropropi 


Portfolio  Paps 


Gaps-Diagnosis 

-  Basi|  neurophysiology  &  pathology  of  mild  to  severe  TBI 

•  Blast  effects  (?  RF,  ultra/infrasound  etc) 


ent-dosimeter  (some  work  ongoing) 

>or table  systems 
fMPJ,  8 uscep lability  imaging 

*flew  modalities  to  allow  imaging  of  patients  with  metal  fragment^ 

Biomarkers 

*  Acute  and  chronic  (work  ongoing) 

Assessment  toe 

'  Automated 


shorter,  accurate 

Need  organic  measures 


2  February  2007 


Portfolio  Gaps 


•  Gaps-Management 

-  Neuroprotection  strategies 


2  February  2007 


PorlfoJ j  o  Qaps 


GapsiRSnabiliUtion, 

-  Nutrition 


(mm u 

continuity  and  mteroperaoilit 
n  a-iprogression  and  prognostics 

me  tics 

nodulators 

-  Imaging  and  surgical  planning 

harmacology 

Long-term  regenera£||l:/moleculaf  medicine 

Re-training/education 
'  Use  of  VR/simulation 
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Gliomas  and  Vessel  Shape  as 
Monitored  by  Magnetic 
Resonance  Angiography  (MRA) 

Bullitt  E,  Van  Dyke  T,  Reardon 
DA,  Barboriak  DR  Lin  W 

(QASILab,  University  of  North  Carolifta^Cl®  a®<t 
Preston  Robert  Tiseh  Brain  Center  at  Duke 


Accidental  Observation:  Cancer 
Has  Abnormal  Vessel  Tortuosity 


Hypothesis:  quantitative 
measures  of  vessel  shape 
can  assess  tumor 
malignancy  and  evaluate 
response  to  treatment 


UNC  CASILAB 


Background:  Malignant  Tumor 

Vessels 


Li  et  al  Initial  stages  of  tumor  cell-induced  angiogenesis:  evaluation  via  skin  window 
chambers  in  rodent  models.  J  Natl  Cancer  Inst  92: 143-147, 2000.  Images  used  with 
permission. 


1)  Abnormal  vessel  tortuosity  precedes  sprout  formation  (Li ). 
Affects  larger  vessels  passing  through  region.  Shape  abnormalities 
extend  beyond  tumor  boundaries. 

2)  Successful  tumor  treatment  normalizes  vessel  shape  (Jain) 

3)  Abnormal  vessel  tortuosity  may  be  N02  and  VegF  related 

(Folkman)  ITEI 
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Assessment  of  Cancer  by  Statistical 
Measures  of  Vessel  Shape 


1 )  Extract  the  vessels  from  MR 


Define  the  tumor  margins  from 
MR 

Measure  vessel  shapes  and 
compare  to  healthy  subjects; 
“Malignancy  ProbabOfty” 


Bullitt  E,  Zeng  D,  Gerig  G,  Aylward  S,  Joshi  S, 
Smith  JK,  Lin  W,  Ewend  MG  (2005)  Vessel 
tortuosity  and  brain  tumor  malignancy:  A 
blinded  study.  Academic  Radiology  12:1232- 

1240. 


Healthy  shape  Cancer 
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Normalization  of  Vessel  Shape 
At  Month  2  During  Treatment 


gyp  NU,  Smith  JK,  Zeng  D, 
Winer  EP,  Carey  LA,  Lin  W, 
Ewend  MG  (2007)  Blood 
Vessel  Morphological 
Changes  as  Visualized  by 
MRA  During  Tjmatmeu^f  ■ 
Brain  Metastases .  In  press 

mmimmmk 


UNC  CASILAB 


2  Ongoing  Studies  in 
Glioblastoma _ 

Genetically  engineered  mouse  model 


Human  studies;  Glioblastoma  treated 
with  anti-angiogenic  agents 


Mouse  Glioblastoma  Model  (Van 

Dyke) 


pRb  pathway  aberration, 
activation  of  EGF 
receptors,  inactivation  of 
PTEN. 

IP  injection  of  4-0 H- 
tamoxifen  at  3  months. 


Fully  penetrant  model; 

animals  moribund  8  mos 
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Mouse  Imaging  by  3T  MR 


Tl,  T2,  MRA, 
T1-#AD, 
perfusion  (AMI- 
227) 

MRA  100  x|00 
x  1 00  microns 


Bullitt  E,  Aylward  SR,  Van  Dyke  T,  Lin  W 
(2007)  Computer-Assisted  Measurement  of 
Vessel  Shape  from  3T  Magnetic  Resonance 
Angiography  of  Mouse  Brain.  In  press  Elsevier 
Methods 


Questions  to  be  Answered 


1 )  Abnormalities  of  vessel 
shape  mark  tumor 
development  and 
treatment  response? 

Relationship  “macro” 
and  “micro”  vessel 
imaging? 


Vessel  wall  changes  by 
hfetojpgyj . 
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Mouse  Glioma  Imaging  (In 

Progress) 


8  mice  imaged  with  known  GBM:  MP  73- 
1 00%  in  7  and  5 1  %  in  one  mouse  with 
tumor  not  covered  by  MRA. 


I  mouse  imaged  without  brain  tumor;  MP 
13%. 


5  mice  imaged  sequentially  beginning 
prior  to  tumor  onset;  MP  appears  to  begin 
to  rise  weeks/months  before  gadolinium 
enhancement 


Imaging  of  Human  GBM  During 
Anti- Angiogenic  Therapy 


) 


1 8  patients  who  failed  other 
treatment  scanned  sequentially 
during  anti-angiogenic  therapy 
(Avastin  [anti-VEGF]  + 
Tarceva  [anti-EGFR]  +  other) 

All  patients  exhibited 
reduction  in  tumor  volume  by 
Tl-GAD 

Some  developed  progressive 
neurological  deceits  and  hdjfe 
died  nevertheless. 
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Questions  to  be  Answered 


Abnormalities  of  vessel 
shape  mark  tumor 
development  and 
treatment  response? 


Relationship  “macro” 
$ld  “micro”  vessels 
imaging? 


Bullitt  E,  Reardon  DA,  Smith  JS  (2007)  A  Review  of  Micro  and  Macro  Vascular 
Analyses  in  the  Assessment  of  Tumor- Associated  Vasculature  as  Visualized  by  MR. 
Neuroimage  37  Supp  1:  S116-S119 
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Vessel  Shape  During  Anti- 
Angiogenic  Treatment 

1)  Vessel  shape  does  not  always 

normalize,  despite  reduction  in  GAD 
enhancement 

n)  Only  a  subset  of  patients  exhibited 
vessel  normalization 


This  study  is  in  progress . . . 
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Navigation  Support  through  Preoperative  Simulation 
of  Cranial  Interventions 

Andreas  Pommert1,  Karl  Heinz  Hohne1,  Andreas  Petersik1, 
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Cranial  interventions  in  oto-rhino-laryngology  ... 


•  temporal  bone  surgery 

•  endonasal  sinus  surgery 


•  spatially  complex 

•  high  variability 

•  organs  at  risk 

-  eyes 

-  facial,  optic,  olfactory  nerves 

-  cranial  base 

-  sinuses 

-  internal  carotid  arteries 
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Conventional  training 

•  understanding  of  anatomy  from  textbooks  and  atlases 

•  training  based  on  human  specimens 

-  limited  availability 

-  no  pathologies 

•  training  on  the  patient? 
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Aviation  industry 


www.lufthansa.com 


No  pilot  ever  gets  a  license  without  extensive  simulator  training! 
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Goals 

develop  a  surgery  simulator  for  cranial  procedures 

•  training 

•  preoperative  surgery  rehearsal 

•  intraoperative  navigation  support 
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Methods 


CT  data 


3D  voxel  models 

visualization 

manipulation 


haptic  rendering 
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Temporal  bone  surgery  simulator 


voXelman 


TempoSurg 
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Endonasal  sinus  surgery  simulator 


n 


ill®  Wj-lCSOw  Option*  Help 


®  Basic  Training 
O  Advanced  Training 
O  Examination  Mode 


Blakesley 


tart  Stop  Replav 
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Evaluation  of  VOXEL-MAN  simulators 

•  Training  with  a  virtual  apicectomy  simulator  appears  to  be  effective,  and  the 
skills  acquired  are  transferable  to  physical  reality. 

Sternberg  et  a!.,  Int.  J.  Oral  Maxillofac.  Surg.  36 ,  5  (2007),  386-390 


•  This  study  suggests  that  otolaryngology  trainees  could  accomplish  initial 
temporal  bone  training  on  a  VR  TB  simulator,  which  can  provide  feedback  to 
the  trainee,  and  may  reduce  the  need  for  constant  faculty  supervision  and 
evaluation. 


Zirkle  etal.,  Laryngoscope  117,  2  (2007),  258-263 
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Creating  patient  specific  models  for  rehearsal 


Cropped  000004 


75/127  (IM000074);  175.00x175.00  mm  (512x512);  16-bit;  64MB 


Lower  intensity  threshold  (HU) 
588 


.J_xj 


Minimum  object  size  (voxel) 
2 


Apply  to  3D  Views 


CT  data 


3D  bone  model 
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Surgery  rehearsal 


Jt 

VOXEL-MAN 

simulators 

Jt 

VOXEL-MAN 

S8.T 


M 


File  Window  Options  Help 


Mode _ 

©  Basic  Training 
O  Advanced  Training 
O  Examination  Mode 


[ 


Function _ 

Show  name  of  structure 


0 


2  mm  v  |  Metal  v  | 


0  J  (9  0 

Start  Stop  Replay  Undo 


J t  Surgery 


jt  Scout  View 

_ a  a 

ui2.jpg  -  KSnapshot 
surgeon  on  simulator-1 :  /hon 


surgeon  on  simulator-1:  /hoi 

jt  VOXEL-MAN  TempoSurg 


£ —  ors 

\M  11:08am 


cone  beam  CT  data  courtesy  of  Carsten  Dalchow,  Dept,  of  ORL,  Park-Klinik  Weissensee,  Berlin 


00 
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Surgery  rehearsal 


preoperative  saccotomy  intraoperative 

Why  not  use  results  of  surgery  rehearsal  for  intraoperative  navigation  support? 


B.  Tolsdorff  et  al.,  Int.  J.  Comp.  Assist.  Radiol.  Surg.  Suppl.  2007 
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Surgery  navigation 


www.brainlab.com 


BrainLAB  VectorVision 
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System  connection 


image  data  &  coordinate  systems 


tool  positions 


corresponding 
cross-sections  and  views 


VectorVision  VectorVision  Link 

navigation  system  real-time  client/server  interface 


VOXEL-MAN 


surgery  simulator 
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VOXEL-MAN  Group 


364451 


Register 


Acquire 


Freeze 


Acquire 


Freeze 


r  BramUAB 

*  VectorVision 


Prototype 


*. 


4b  'A 


VOxEL-MAN 


TempoSurg 


364451 


WLink 

fro  test  cliei^ 
Channel 


test  setup 


corresponding  images  from  simulator 
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•  surgery  simulator 

-  temporal  bone  surgery 

-  endonasal  sinus  surgery 
■  ■  ■ 

•  effective  as  a  training  tool 

•  promising  for  surgery  rehearsal  for  difficult  cases 


Conclusions 


-  workflow 


-  radiation  exposure 

•  connection  to  surgery  navigation  system 

-  intraoperative  access  to  preoperative  results 

-  alarm  function 
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Convection-Enhanced  Delivery  (CED) 

Determination  of  Macromolecular  Concentration 

Following  Direct  Infusion  into  Hydrogel  using 
Contrast-Enhanced  MRI 

•  Infuse  therapeutic  agents  directly  into  brain  tissue 

•  Enhance  macromolecular  transport 

•  Bypass  the  blood-brain  barrier 

•  Reduce  systemic  toxicity 

•  Reproducible  and  clinically  safe 

Jung  Hwan  Kim1,  Thomas  H.  Mareci2,  and  Malisa 

Sarntinoranont1 

\ 

department  of  Mechanical  &  Aerospace  Engineering 
department  of  Biochemistry  and  Molecular  Biology 

University  of  Florida 

EngLoedring 

Chen  et  al.  1999,  J.  Neurosurg. 

How  to  monitor  or  predict  drug  distribution? 

cnguKtu 

Features  of  the  Transport  Model 

Heterogeneity  of  tissues 

■  white  and  gray  matter 
Anisotropy  of  white  matter 

. - ►  injection  site 

■  preferential  fluid  flow 

iy 

and  diffusion  along 
white  matter  tracts 
(rostral-caudal  dir.) 

,0; 

f  wfl  1 1 

No  lymphatics 

Extracellular  diffusive  and 

convective  transport 

Binding,  degradation,  endocytosis, 
and  intracellular  kinetics 

gray  matter  —  white  matter 

NMR  of  the  rat  spinal  cord  (T12) 

Diffusion  Tensor  Imaging 

Restricted  motion  of  water  molecules  in  tissue 


Transport  Anisotropy 


Calculated  pixel  by  pixel  from  the 
DTI  derived  De. 

Effective  diffusion  tensor 
eigenvectors  V  =  [ v ^  v2  v3], 

0  o' 

k  =  V  0  4  0  VT 
0  0 

Eigenvalues,  A,,  were  estimated 
previously  for  albumin 
Map  direction  of  maximum 
transport  (eigenvector  of 
maximum  eigenvalue) 


What  is  a  Porous  Medium? 

Porous  Media: 

■  Solid  matrix  filled  throughout  by  a  network 
of  interconnected  pores 

■  Saturated  with  a  incompressible  fluid 

■  Velocity  is  proportional  to  the  pressure 
gradient 

u  =  -k  -vp  (Darcy’s  Law) 

X 

hydraulic  conductivity  tensor 

Poroelastic  Media: 

■  Matrix  exhibits  elastic  deformation  behavior 


i 


Governing  Equations 


Porous  medium 

■  Rigid  solid  matrix 

■  Saturated  with  viscous  incompressible  fluid 


Conservation  equations 

■  Fluid  mass:  V-u  =  0 

■  Momentum  (Darcy’s  law):  u  =  -k  V/? 
where  u  is  volume  averaged  velocity 

■  Albumin  (benchmark  study):  <f>— +  V(uC)  =  V-(^DVC) 


•  MW  =  66,000 

•  No  protein  degradation 

•  No  binding 


Tissue  Segmentation 


Spinal  Cord  Region 

„S;  range  (l^z< 59) 

S0  range  (60  <  z<80) 

White  matter 

0  <5o<  0.412 

0  <  Sa  <  0.455 

Gray  matter 

0.412  <S0  <0.558 

0.455  <  S0  <0.600 

Background 

0.558  <  S0  <  1 

0.600  <  S0  <  1 

FE  Computational  Model 


Fluent 

■  Segregated  solver 

■  Implicit  formulation 

■  Node  based  gradients 
Porous  media  formulation 

■  Modify  Cons,  of 
Momentum 

Weakly  coupled  solution 
Tracer  Transport  Equation 

■  user-defined  anisotropic 
diffusion  source  term 

■  Fixed  time  steps 


:  up  I  I'-i  l  !  • 


Axial  Albumin  Tracer  Distribution 


Transverse  Albumin  Tracer  Distribution 


Validation  Distribution  Studies  in  the  Spinal  Cord 


2  X  Voxel  model 


Infusion  volume  (microliters) 


Root  Mean  Squre  Error  :  2.81 

1 

X 

X 

I 

□  Wood  et  al. 

i  S 

X  Voxel  model 

Infusion  volume  (microliters) 
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Modeling  CED  into  the  Corpus  Callosum 


Segmentation  using  FA  values 


Tissue  region 

FA  Range 

White  matter 

0.33-1 

Gray  matter 

0.11-0.33 

CSF  &  background 

0-0.11 

CED  into  the  Corpus  Callosum:  Velocity  Contours 


Albumin  Infusion  into  the  Corpus  Callosum 
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Conclusions  &  Future  Work 


•  Developed  a  methodology  to  estimate  interstitial 
pressure,  velocity  fields,  and  interstitial  transport 

•  The  semi-automatic  approach  allows  for  rapid 
estimation  of  macromolecular  tracer  distributions 
following  CED 

•  Provide  a  process  for  incorporating  realistic  and  more 
complex  anatomical  boundaries. 

•  Validated  methodology  by  comparing  with 
experimental  distribution  data  for  the  spinal  cord 

•  Additional  studies  comparing  these  predicted 
distributions  with  measured  tracer  transport  in  the  brain 
are  required. 
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From  Keen’s  Surgery,  1919 
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Before  “Ministroke” 
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30  days  after  “Ministroke” 
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Cellular  MRI  for  the  Detection  of  Glioma 


Ali  S  Arbab 


Radiology 

Henry  Ford  Health  System 

Dsiroji,  Michigan 


Background 


Glioma  typically  exhibits  hypervascularity  and  marked  heterogeneity. 
Post  contrast  MRI  or  CT  show  enhancement  due  to  vascular 
permeability,  but  both  radiation  necrosis  and  surgical  trauma  can  show 
similar  enhancement.  However,  active  angiogenesis  is  only  observed 
in  tumor  or  recurrent  tumor  sites.  This  site  of  active  angiogenesis  can 
be  exploited  to  identify  tumor. 


Dendritic  cell  based  vaccination  treatment  is  under  clinical  trial.  There 
are  evidences  showing  accumulation  of  cytotoxic  T-lymphocytes  (CTL) 
sensitized  by  glioma-cell  lysate  pulsed  dendritic  cell  at  the  site  of 
glioma  recurrence.  These  sensitized  T-cell  might  not  show  any  affinity 
towards  the  site  of  radiation  necrosis  or  surgical  trauma.  This 
immunogenic  reaction  can  be  exploited  to  identify  tumor. 


Purposes 


To  determine  whether  magnetically  labeled  endothelial 
progenitor  cells  (EPC)  can  be  used  to  identify  glioma  and 
differentiate  glioma  from  radiation  necrosis  on  the  basis  of 
active  angiogenesis. 


To  determine  whether  magnetically  labeled  CTL  can  be 
used  to  identify  glioma  on  the  basis  of  active 
immunogenic  reaction. 


Materials 


Cells: 

Cord  blood  endothelial  progenitor  cells  (EPCs,  AC133+  cells) 
Sensitized  splenocytes  from  gliosarcoma  (9L)  bearing  rats 
Human  glioma  cell  line  (U251) 

Rat  gliosarcoma  cell  line  (9L) 

Animals: 

Nude  rats  for  human  glioma  (U251)  tumor  and  radiation  injury 
Fisher  344  rats  for  rat  gliosarcoma  (9L)  tumor 


SPIO: 

Ferumoxides  (Feridex,  100  pg/ml/4  million  cells) 

Transfection  agent: 

Protamine  sulfate  (4  pg/ml/4  million  cells) 


MRI: 


7  Tesla  system  with  Bruker  advanced  console 


Transfection  agents  mediated 


MION-46L  -  2.03  +  0.39  mv  Superfect  1.0+  2.50  mv 

Feridex  -  41 .3  ±  0.98  mv  Polyfect  19.1  +1 .01  mv 

Poly-L-Lysine  30.1  +17.8mv 

Plus  27.1  +1.22mv 

Lipofectamine  65.3  +  5.22  mv 

Protamine  Sulfate  7.1  +  0.01  mv 

Electrostatic  Interaction  between  Dextran  Coated  Superparamagnetic  Iron  Oxide 

Nanoparticles  and  Transfection  Agents 


Cell  labeling 


5-10  min 


Prussian  Blue  +  Cells 


%  FE-PRO  +  50%  Media 


Collect 


Incubate 
2-12  hrs 


* 


Wash  x  3 


Straightforward  method  for  cell  labeling 

2  FDA  approved  agents 
No  Synthesis  Required 
High  Labeling  Efficiency 


Protamine  Sulfate:  FDA  Approved  (Heparin  Antagonist), 

IQOx  Transfection  Efficiency  compared  to  PLL#.  LD50  =  100  mg/kg,  Assay  using  PTT. 
Sorgi  FL  et  al  Gene  Therapy  1997;4:961,  Arbab  AS  et  al  Blood,  2004 


Methods 


Acquisition  of  in  vivo  MRI: 

Multiecho  T2-weighted  (TEs  of  10,  20,  30,  40,  50  and  60  msec  and  a 
TR  of  3000  msec,  32  mm  FOV,  1  mm  slice  thickness,  256x256  matrix, 
and  NEX  =  2).  Multiecho  T2*-weighted  (TEs  of  5,  10,  15,  20,  25,  and 
30  msec  and  a  TR  of  3000  msec,  32  mm  FOV,  1  mm  slice  thickness, 
256x256  matrix,  and  NEX  =  2)  and  3D  gradient  echo  (TR=100  msec, 
TE=9  msec,  10°  flip  angle,  32x24x16  mm3  FOV,  256x192x128  matrix, 
and  NEX  =  1 ). 

Histology  and  immunohistochemistry: 

FITC  labeled  tomato  lectin  was  used  to  identify  endothelial  lining 
Prussian  blue  staining  with  or  without  DAB  enhancement  was 
performed  to  identify  iron  positive  cells 
Markers  of  endothelial  cells  were  also  identified  by  IHC 


Tumor  identification  by  EPC 


Tumor  implantation  (U251) 


Irradiation  (75  Gy) 


7 


Days 


▼ 

Labeling  &  IV  injection  of  EPCs 


7 


Days 


▼ 

Pre  IV  EPCs  MRI 
2,  4,  6  &  8  Weeks 

Labeling  &  IV  injection  of  EPCs 
2,  4,  6  &  8  Weeks 


7  Days 


▼ 

MRI  &  Euthanasia 


Post  IV  EPCs  MRI 
3,  5,  7  &  9  Weeks  &  Euthanasia 


Results 


Vascularity  changes  in  tumor  (upper  row)  after  14  days  of  implantation  of 
U251  and  after  irradiation  (lower  row)  at  different  intervals 


Results 


Accumulation  of  labeled  EPCs  in  U-251  tumors  (left  column)  detected  by  in  vivo 
MRI  and  corresponding  Prussian  blue  staining  (Middle  and  right  columns) 


Results 


MRI  of  Irradiated  rat  brains  before  and  7  days  after  administration  of  labeled  EPCs 

and  corresponding  Prussian  blue  staining 


Results 


Expression  of  CD31  markers  in  administered  EPCs  that  were  accumulated  at  the 
site  of  tumor.  Lectin  positive  cell  lining  (left),  Dil  positive  cells  (middle)  and  CD31 

positive  cells  (right)  at  the  corresponding  sites 
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Tumor  identification  by  CTL 


Tumor  implantation  (9L) 


10 


Days 


Collection  of  Splenocytes  &  Labeling 

(from  control  and  tumor  bearing  rats) 

24  Hours 


IV  injection 


72  I  Hours 

MRI  &  Euthanasia 


Results 


Distribution  of  T-cells  and  antigen  presenting  cells  population  in  control  and 

sensitized  splenocytes 


Results 


Representative  sections  of  3D  GRE  images  from  all  rats  that  received  control 
(upper  row)  and  sensitized  splenocytes  (lower  row) 


Results 


Representative  T2*W  images  and  corresponding  R2*-maps  from  rats  that  received 
control  (A,B  on  right  panel)  and  sensitized  splenocytes  (C,D  on  right  panel). 


Left  panel  show  representative  T2*W  images  (TE  =  10  ms)  from  rats  that  received 
control  (lower  row)  and  sensitized  splenocytes  (upper  row)  and  corresponding 

Prussian  blue  stained  sections. 


Results 


Left  panel:  Immunohistochemistry  and  corresponding  Prussian  blue  staining 
Right  panel:  Signal  intensity  on  3D  GRE  (upper)  and  R2*  values  (lower) 

calculated  from  all  sections. 
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Conclusion 


Both  EPCs  and  sensitized  T-cells  could  be 
probes  for  in  vivo  cellular  magnetic  resonance 
(CMRI)  imaging  to  identify  glioma  and  to 
differentiate  glioma  from  radiation  necrosis 
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In  vitro  pre-labelling 

Bimodal  Contrast  Agent: 

Detectable  by  both  MRI  and  fluorescent  microscopy 
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Quantification  of  cell  uptake 


Cellular  Uptake  of  GRID 
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Leakage  &  Re-uptake  of  contrast  agent: 
Possible  source  of  false  positives 
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In  vitro  effects  on  cell  viability 


Viability  After  Wash  Viability  After  24  Hours 
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Histology 


MRI  &  Histology  Overlay 
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How  long  can  we  track  cells  in  vivo? 


GRID  pkh  MCAo  Control 


Serial  structural  MRI 


GRID  and  PKH26  compared  over  the  first  month 
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Bilateral  Asymmetry  Test 


•  Assessment  of  sensory 

and  motor  functions 

•  Sensitive  to  SMC  and  MC, 

and  striatal  damage 

•  Affected  by  MCAo  damage 

•  Similar  to  tactile  extinction 
test  used  in  human  patients 
with  stroke  damage 
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Day  1  -  MR/PET/CT,  Viral  Agent 
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Realization 


For  larger  samples  such  as  a  rabbit  or  monkey,  a  special  version  of  the  instrument  with  a  manually  height-adjustable  knife  holder  for 
sped-  mens  up  to  200  mm  high  is  available  on  request,  be  printed.  A  password  and  user  identification  are  required  to  open  and 
close  the  system.  The  system  administrator  ensures  that  only  approved  users  have  access  to  various  levels  within  the  operating 
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MODERN  NON -INVASIVE  INVESTIGATION  OF 
HUMAN  BRAIN  STRUCTURE  AND  FUNCTION  IN 
GENETIC  AND  NEURODEGENERATIVE  DISEASE 


Richard  Frackowiak,  FIL-UCL  London  &  DEC-ENS  Paris 
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VOXEL  BASED  MORPHOMETRY 


A  voxel  by  voxel  statistical  analysis  is  used  to  detect  regional 
differences  in  the  amount  of  grey  matter  between  populations. 


Original  Spatially  Segmented  Smoothed 

image  normalised  grey  matter 


Preparation  of  images  from  each  subject 
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Autosomal  dominant  multiple  facetted  neuro- endocrine 
syndrome;  50%  patients  exhibit  mirror  movements 


Pruning  of  uncrossed  pyramidal  fibres  is  a  normal 
early  infantile  developmental  feature 
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PRE- CLINICAL  BIO-MARKERS 


1  Model*  disease  with  gold  standard  reference 
provided'by  quantitative  nature  of  I 


huntingtin  poly ^CAG.  mutation _ 

Late  presentation  mimics  that  of  neuro- 
degenerations  of  old  age  (e.g. ,  PD) 


GENE  MAPPING:  HUNTINGTON'S  DISEASE 


Design  matrix  for  the 
grey  matter  gene  status 
analysis. 

Rows  correspond  to 
individual  subjects, 
arranged  by  gene  status  - 

cond0  and  condj  are  gene 
negative  and  positive. 

A  contrast  of  condj  and 
cond0  identifies  regions 
where  grey  matter  is 
significantly  reduced  in 
gene -positive  subjects 

Controlled  for  differences 
in  age,  sex  and  global 
voxel  intensity. 


Structural  biomarkers  of  preclinical  disease 
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DELETION  MAPPING 


Model 'disease  with  [total  or  incomplete 
deletion  of  X  chromosome  '  ■  ' 


Mild  cognitive  impairment  indicates 
relevance  of  X- located  genes  in  brain 
development 
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X  chromosome 
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controls  46,  XX 

•  17  r\(  25  ±  9  years) 

•  verbal  IQ  matched 


Cognitive  &  behavioural  phenotype 
of  the  45X0  karyotype 
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*  social  adjustment  problems 

*  some  autistic  features 
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si  z  e  of  effect  at  [—37.5,—!  2,-24] 


AMYGDALA 


size  of  effect  at  [-4.5 ,  2  2.5 ,  -2  5 .5] 


OF  CEREBRAL  REGIONS 


in  relation  to  size  of  deletion 


ORBITO-FRONTAL  CORTEX 


Deletions 


Subject  8 
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Critical  rep  an 


3  Subject  9 

$ 


Markers  xpier  dx&i«&  uxsiue  dx&ms  dxssdm  nxsfiw  dxssgsj  mis  sou  dxssoss  xcen 

U-f—t* - 1 - J — r - r1 - h - 1 - r— 1 - 1 - >-i — w-fl 

Ml)  0  39  40  41  42  43  44  45  46  59 


Genes 


1  3  5  7  9^  II  13  15  17 


z  score 


MODIFIED  BEHAVIOURAL  PHENOTYPE 


deletion  deletion 


COGNITIVE  &  BEHAVIOURAL 
PHENOTYPE  OF  THE  45X0  KARYOTYPE 


j*£og/] .J'j'JVaii 


*  normal  verbal  skills 

*1  impaired  visuo-spatial  an|d/or  visuo- perceptual  abilities 

*  impaired  visuo -constructive  skills 

*  mildly  impaired  motor  function 

■  Behavjouran  j  j  |  |  f  j ]  j 

*  social^  adjustment  problems 

*  some  autistic  features 

*  face  and  emotion  recognition  difficulties  (fear  &  anger) 


INTERACTIONS  BETWEEN  GENOTYPE 

AND  PHENOTYPE 


JBarJyonset^common^arietyassocjatedjvjth 
DYT1  mutation,  dominant  inheritance  but 
incomplete"  penetrance  1-  40% 


Non  dystonics  with/without  DYT1 j  mutation 
Dystonics  with/without  DYT1  mutation 


MUTATION-PHENOTYPE  INTERACTION  -  DYSTONIA 


DYTl  GENE  MUTATION 


15 


10 


R2  =  .3 
R  =  .6 
p  <  .05 


/ 


/ 


-15 


disease  duration  (yrs) 


R  =  -.8 
p  <  .05 


♦  right  putamen 
■  left  putamen 


R2  =  .6 
R  =  -.8 
p  <  .05 


BFM  score 


PARTITIONING  THE  EFFECTS  OF 
PREDISPOSING  GENES 


Transmission  dysequilibrium  of  Chr  8  pdymorphisms  in — 
families  and  aiilejic  association  in  case  control  and  trio 
studies  -  PcMl  8p22 


Non -schizophrenics  with/without  predisposing 
polymorphism 

Schizophrenics  with/without  predisposing  polymorphism 


GREY  MATTER  ATROPHY  ASSOCIATED  WITH 
SCHIZOPHRENIA  PHENOTYPE 


anterior  cingulate 

dorsal  medial  prefrontal  cortex 

orbitofrontal  cortex 

thalamus 

occipital  cortex 

hippocampus 

insula 

inferior  temporal  lobe 


ATROPHY  ASSOCIATED  with 
SCHIZOPHRENIA 


SZ8  &  SZO  compared  to 
CONTROLS  (CON8  &  CONO) 


Genetics  and  structural  variability 


GREY  MATTER  ATROPHY  ASSOCIATED  WITH 
ALLELIC-SCHIZOPHRENIA  INTERACTION 


Genetics  and  structural  variability 


SCIENCE 

POPULATION  SAMPLES 

GENERALISABLE  INFERENCES - 

COMPARISONS  &  CORRELATIONS 

MEDICINE _ _ 

INDIVIDUAL  PATIENTS 


DIAGNOSIS  AND  PROGNOSIS 

CLASSIFICATION 


CLASSIFICATION  USING  MACHINE-LEARNING 
TECHNIQUES  INCLUDE  SUPPORT  VECTOR 
MACHINES  AND  RELEVANCE  VECTOI  REGRESSIONS 


boundary 
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CLASSIFICATION  OF  INDIVIDUAL  SCANS  USING  SVM 
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Group 

%  correctly 
classified 

Sensitivity 

(%) 

Specificity 

(%) 

AD  (MMSE  15- 
27) 

and  controls 
(MMSE  28-30) 

82.9 

79.4 

85.9 

AD  (MMSE  15- 
30) 

and  controls 
(MMSE  26-30) 

82.2 

84.3 

AD  (MMSE  20- 
30) 

and  controls 
(MMSE  26-30) 

80.3 

69.0 

87.6 

Group 

%  correctly 
classified 

Sensitivity  (%) 

Specificity  (%) 

AD  (MMSE  15- 
27) 

and  controls 
(MMSE  28-30) 

90.4 

86.8 

93.6 

AD  (MMSE  15- 
30) 

and  controls 
(MMSE  26-30) 

87.6 

86.3 

88.8 

AD  (MMSE  20- 
30) 

and  controls 
MMSE  26-30) 

87.0 

81.0 

91.0 

WHOLE  BRAIN 


MEDIAL  TEMPORAL  REGIONS 
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Proton  Radiosurgery 
Ras&RfesentT^ind  Future 


Reinnard  W.  Schulte,  M.D. 

Proton  Treatment  Center 

Loma  Linda  University  Medical 

Center 
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protons  arWilow  tney  (elate  to  Blagg- 


peak  aod^iateau- rad  iosurciofyl — f- 

■  Jotroduoe  too  -Protoo  -Radiosurgery 

\  ProgramlatlLLlljMct  |  11/  / 

■  Present  current  R&D  activities  in 
Functional  Proton  Rajdio^ufgefy 
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- 


The  Beginnings  and  Development  of 
Radiosurgery 

Protons  and  other  Modalities  for 
Radiosurgery 

Protofi-Radiosurge  ryr  Pia  teau-verstis-Pea  k 

Bragg-Peak  Rad-iosu-rgery _ 

Devetppment  of  |Plateai|  Radiosurgery 
Conclusions  and  Future 
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■  In  1951  Swedish 
neurosurgeon  Lars 

Lekseli  (1907-1986) _ 

suggested*: 

•  To  create  functional  brain 
lesions  with  multiple 

- na-rr  o  w  -r  ad+at-ien-  bea  ms— 

converging  on  one  point 

\ - »-Teruse-stereotactic - 

techniques  to  guide  the 
\  'beams 

•  To  call  this  technique 
"stereotaxtic  radiosurgery 


*L.  Lekseli 

The  stereotaxic  method  and  radiosurgery  of  the  brain. 
Acta  Chir  Scand.  102:316-9,  1951. 
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Starting  in  1948,  John 
Lawrence  (physician)  and 
Co The  I!  us  Toblas^tiiophysicist) 
developed  biomedical  program 
of- heavy -ions-  at#ie  tBL 
cyclotrons 

|n^.-9-547-t-he  L&Pg-roup-began- 
to  direct  the  Bragg  peak  of 
h eavy  ion  beams  (protons  & 
heium)  at  human  pituitary 
glands  (about  50  patients) 

Reported  successful  hormonal 
ablation  &  regression  of 
disease  in  advanced  breast 
cancer  patients 
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■  In  1961,  neurosurgeon 
Raymond  Kjellberg  began 
f  tTeaang“paCTe ntlTwith pituitary 
adenomas  using  160  MeV 
B  ragg-pe  a  k-pf^t-ons-f-rom-t-h  e 
Harvard  Cyclotron  Laboratory 

5— StartHflg-ln-t-h  e  197-OsT-b-r-. 

Kjellbefrig  also  treated  large, 

_ inoperable  arteriovenous _ 

malformations  (AVMs)  with 
Bragg  peak  protons,  despite 
limitations  in  imaging  and 
planning  techniques 


Raymond  Kjellberg,  MD 


■  Principal  modalities  include 

•  Photons 

■  High  energy  gamma  rays  (e.g.  60Co) 

■  High  energy  photons  (linear  accelerator) 

•  Charged  particles 

-I  -B-Prot-ons - 

■  Heavy  ions  (helium,  carbon) 

■  Important  points  to  consider 

•  Depth-dose  characteristics 

•  Lateral  profile 

•  Beam  Fragmentation 


Inverted  dose  profile  of 
protons  and  heavy  Sons 

•  Low  entrance  dose 
(plateau) 

•  Maximum  dose  at  depth 

■  (Bragg  peak) _ 

•  Rapid  distafdose  fal-off 

_•  _En  e  rgy-m  od-uJatio  n 
(Spread-out  Bragg  peak) 

•  RBE  close  to  unity 
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■  The  depth-dose 
characteristics  of 

_ protons  and  Heavy 

iohs  favor  m& r Use  m 

confotmrial 

radiosurgery 

■  Advantages  include 

•  Less  Integral  dose 

•  Smaller  number  of _ 

individual  beams 

•  Higher  degree  of 
conformality  forgarge 
lesions 

•  No  need  for  multiple 
isocenters 


Important  for 
sparing  neafby 
criticaTstra  ctares 


heavier  ions  ™ave 


less-scattering — 

■  Parade  'energy'; 
nignerenergies 
achieve  shalfpelf 
profits 


Particle  Distribution 


80%“20% 

Penumbra 

6.0mm 


Position  (mm) 


Profile  cut 
through  dose 


50  %  width 


Ki  ido  no  IX.  IX  ■ 
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■  Protons  vs.  Gamma 

•  Protons  of  high  energy 
(250  MeV)  have  sharper 
penumbra  than  gamma 

_ knife  beams  forfdepths 

below  10  cm 

_ s_Pmtoj3s_of_high-  energy- 

can  produce  smaller 
.beams  £_=  lesjoes^Jhan 
the  srpaltest  GK  beams 

•  Protons  of  energy-less 
than  200  MeV  are  less 
suitable  for  functional 
radiosurgery  beams 


11 


Charged  particles  can 
cause  fragmenpatpbn 
of  target  nuclei  in 
nuclear  interactions 

Particles"  hecn/iepthan 
protons  caliweak  up 
in  to  last  ligmer 
fragments _ 

TnesepeliveBqose 
beyond  the-  Bragg 
peak  (fragmentation 
tail) 


l*i 


ZiO  MeW» 
t  ill  burl  iufis 


0 


5 


10 

depih  in  uaicr  [cm] 


15 


20 


and  not  Protons 


■  Leksell,  working  with 

P  pr/sfcist  Bolje  LarssonfaPr 
Mfr/srirsed  lental 

orthovoltage  X-rays  for 
radiosurgery 

■  Reaflzling  nmitatiohs,  tney 
looked  into  otheijrnodapties 

_ including  protons _ 

■  Due  to  limiteo  availability  of 
-V  protons  (which  would-have 
^Se4n  the  pneferared  choice) 

attention  focused  on  the 
gamma  knife  instead 


A  Leksell  and  Larsson 
B  The  first  Gamma  Knife 
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Program  at  LLUMC 


■  Bragg  Peak  Radiosurgery  (since  1993) 

•  Single-dose  proton  radiosurgery  and  two- 
IBil^dtiomstejjeotactifc  proton  Bali bfh e ra py  to  ■ 

f  create  Highly  conformal  aosepfjistrliiutions  with 
the  Bj-agg-leak 

■  Arteiiovenous  malformations _ 

■  Brain  metastases 

a.  OthejiJntrarranial  tumnre  (_re -treatm entLetc^ 

■  Mesial  (temporal  (obe  epilepsy 

■  Plateau  Radiosurgery  (underdevelopment) 

•  Single-dose  functional  pfoton  radiosurgery  with 
plateau  shoot-through  beams 

j.  Trigeminal  neuralgia,  Thalamotomy,  Callosotomy 


Non-invasive 
fixation  based  on 
.dental  vacuu^P^^ 

Treatment  pfaiWiNg 
“based  on  Cl L  Cl'iA, 
M-RIt-M-RA7-RET - 


Treatment  in  one- 
three  fractions 
based  on  location 
and  size 


■  Most  dangerous  congenital 

vascul  armalf  or  m  atron - — 

■  Patient  present  with 
intracranial  hemorrhage, 
seizures,  headaches,  and/or 
neurological  deficits 

■  Peak-age:  10-40  years 

r  Large-AVMs-reguire - 

muRl^iscippnary  approach 

_ (surgery,  endovascular _ 

therapy,  and  radiosurgery) 

B  Curative  doses  >16  Gy 
single  dose!  >20  Gy  2  fx 

*  Proton  SRS/SRT  has  been 
used  as  part  of 
interdisciplinary  therapy  and 
as  primary  treatment 
modality  in  inoperable  AVMs 


Characteristic  angiographic  appearance 
of  an  arteriovenous  malformation 
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■  17  y/o  female  with  a  relatively  large 

AVM  of  the  tectal  plate  invading  the 
midbrain|  s.pjjfour  endovasclar 
treatments  =>  partial  obliteration 

•  Aim  of  therapy:  Curative  proton  SRT 
”'f“  in  2  fractions 

- ^mmtDt)ifcatio-m- vacuum-a  ssisted - 

dental  fixation,  stereotactic  frame 

- #_D£)se-pJ-a-P-nj-ng :  -CT,  CT^ang Jo^RJ — 

and  MRA  oPthe  heap  T'  | 

•  Prescribed  dose:  20jGyE  to _ 

isocenter,  16  GyE  (80%)  to  margin 
of  the  nidls,  2  consecitive  tx  days, 
excfpde  brain  stem 

•  Organs  at\Rislqf  Brain  stem  (dose 
limit  15  GyE,  2  fx  to  surface) 

•  Technique: 

■  Foui\  non-coplanar  fields  (RPO,  LPO, 
RSO,  LSO) 


Isodose  plan  of  patient  with  AVM 
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Protocol  under  development  for  selected 
patients  with  mesial  temporal  lobe 
epilepsy  (MTLE) 

Based  onl  existing  clinical  e x"p enience  with 
Gamma-Knife  -radiosurgery - 


■  Ratio  hale: 

•  Improved  normal  tissie  sparing,  less 'toxicity 

•  Homogeneous  dose  distribution 

•  Less  integral  i  dose,  lowel  risk  of  secondary  / 
cancer 


J 


Inclusion  & 
exclusion  criteria  as 
derPned  cly  GK 


MtM-Gerrterfmal 


«-S  'mg  I  e^dose  Jtogg  Ji 
peak  radiosurgery 
(Leksell  frame) 

1  Marginal  isodose,: 

24  GyE 

1  Maximum  dose  <.30 
GyE 


Tools  used  by  the  surgeon  must  be  adapted  to  the  task,  and  where  the 
brain  is  concerned,  they  cannot  be  too  refined. 

Lars  Leksell 
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Advantages 

•  Plateau  proton  beams  are  sharper  than 

Gamma  knife  beams  if  the  target  is  not  too 
dedp-f<-¥Q-em) - 

•  Piaj:eai  offotoWbeamls  cafflf^lmade  srnallqi|(l- 
— 3'mrrrVtrran^tie  smanest  Gamma  kirfe  beams 

(4mm) 

CfrJUenge  j  j  7  / 

•  Maintaining  all  leamslbcused  witojn  0.3  mm 
(GK  standard)  with  a  rotating  proton  gantry  (3 
stories,  100  tons)  in  combination  with  a 
robotic  patient  positioner  is  an  engineering 
challenge 


■  Versatile  system 
for  anatomical 
lesioning  used  both 
in  clinical  and 

ah  imp  I  resea  rcn^^ 
applications 

■  Optoelectronic 
tracking  of  target 
and  proton  gantry 
in  real  time 


Endpoints  (repeated 
tracking/ of  15  markers  l.i 


m  from  cameras) 

•  Distance  of  each  markers 
from  cent#  of  gravity  of 

- all  others 

•  Measureerpisplacement 
after  prescribed 
microstage  shifts 

Results _ 

•  Mean  CG  distance  errors 
~0.1  mm,  SD  0.16  mm  to 
0.2|mm 

•  Mean  shift  error  <  0.01 
mnvSD  07014-mm  to 
0.022  mm 


F.  Shihadeh  et  al.  Performance  Analysis  of  an  Optoelectronic  Localization  System  for  Monitoring  24 
Brain  Lesioning  with  Proton  Beams.  Proc.  29th  Ann.  Int.  Conf.  .IEEE  EMBS,  Lyon,  France  August 


Protons  have  a  long  history  in 
radiosurgery  but  their  potential  has  not 
been  fully  exploited 

physical  characteffsHcs  of  protons  favor] 

fneiPBse  bot^infaqiosJjrgical  applications 

With-  wider  availability  of  proton  gantries 
at  reduced  costs  more  proton  radiosurgery 
centers  will  be  established 


Typical  Variations  of  Subthalamic 
Electrode  Location  Do  Not  Predict  Limb 
Motor  Function  Improvement  in 
Parkinson's  Disease 

- O - 

Shearwood  McClelland  III,  M.D. 

Department  of  Neurosurgery 
University  of  Minnesota  Medical  School 
Minneapolis,  Minnesota 
September  7,  2007 
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Background 


•  Stimulation  of  the  subthalamic  nucleus  (STN)  through 
deep  brain  stimulation  (DBS)  is  an  effective  modality  for 
treatment  of  medically  refractory  Parkinson’ s  disease  (PD) 


•  In  PD  patients,  STN  stimulation  has  reproducibly 
demonstrated: 

•  Consistent  clinical  benefit  (particularly  for  motor  fluctuations) 

•  Reduction  of  medication  requirements  postoperatively 

•  Improvement  of  limb  function  contralateral  to  the  side  of  electrode 
placement 


However,  there  is  no  consensus  regarding  how  much 
efficacy  is  dependent  on  the  anatomical  electrode  location 


Study  Objectives 


•  Very  few  studies  have  correlated  the  accuracy  of 
electrode  placement  with  the  clinical  outcome  of 
the  implanted  patients 

•  No  study  has  correlated  the  accuracy  of  electrode 
placement  specifically  with  quantitative  measures 
of  contralateral  limb  function 


This  study  was  performed  to  examine  this  issue 


Study  Methods 


•  Performed  retrospective  analysis  of  21 
patients  who  had  bilateral  STN  electrode 
implantation 


•  Post-operative  MRIs  (displaying  the 
electrode)  were  merged  with  pre-operative 
planning  MRIs  to  obtain  the  actual 
stereotactic  coordinates  of  the  electrode  tip 


Methods  (continued) 


•  These  coordinates  were  then  compared  with 
the  intended  target  for  the  electrode  tip  by  3 
separate  analyzers 


•  Each  analyzer  was  blinded  to  patient 
clinical  outcome  in  order  to  avoid  bias  in 
reading  of  electrode  tip  coordinates 


Coronal,  Sagittal,  and  Axial  views  (Stealth  FrameLink  4.0) 

Post-irlnplant  MRI  has  been  merged  with  the  pre-operative  planning  MRI 


=  Computer  calculated  target  for  the  right  STN 
Blue  line  =  Trajectory  for  computer  calculated  target  for  the 

left  STN 


tudy  Methods  (continued) 


Following  merging,  the  variation  between 
intended  target  and  actual  electrode  tip  placement 
was  evaluated 

One  year  postoperatively,  all  patients  were 
videotaped 

Videotapes  were  assessed  by  a  movement  disorder 
neurologist  blinded  to  electrode  tip  locations 


tudy  Methods  (continued) 


•  From  the  videotape  evaluations,  limb  function  was 
quantitatively  measured 

•  This  measure  was  tabulated  as  the  sum  of  the  nine 
limb-related  components  of  the  Unified  PD  Rating 
Scale  (UPDRS) 

•  Components  of  limb  score: 

•  (Hand  rest  tremor)  +  (Foot  rest  tremor)  +  (Action 
tremor)  +  (Upper  extremity  rigidity)  +  (Lower 
extremity  rigidity)  +  (Finger  tapping)  +  (Hand  gripping) 
+  (Hand  pronation/supination)  +  (Leg  agility) 


tudy  Methods  (continued) 


•  This  tabulation  was  performed  for  every  electrode, 
yielding  a  total  of  42  limb  scores 

•  Total  score  for  each  electrode  =  [Score  with  (off- 
stim,  off-meds)]  -  [Score  with  (on-stim,  off- 
meds)] 

•  Higher  score  =  Greater  clinical  response  to 
stimulation 


tudy  Methods  (continued) 


•  The  electrode  tip  locations  associated  with  the  15 
lowest  and  15  highest  limb  scores  were  stratified 
into  separate  groups 

•  Mean  limb  score  of  15  lowest  scores  =  0.4 

•  Mean  limb  score  of  15  highest  scores  =  15.4 

•  The  groups  were  then  compared  in  every 
dimension  (lateral-medial;  anterior-posterior; 
superior-inferior)  to  evaluate  for  the  existence  of  a 
distinguishing  trend  with  regard  to  electrode  tip 
location 


Results 


•  Three-dimensional  scatterplot  depicting  the  electrode  tip  locations 
associated  with  the  15  lowest  (red)  verses  15  highest  (green)  limb 
scores 


Results  (continued) 

•  There  was  no  significant  (P  <  0.05)  difference  in 
electrode  tip  location  between  the  two  groups  in 
any  dimension  (two-tailed  t-test) 

•  Lateral-medial  [X];  P  =  0.98 

•  Anterior-posterior  [Y] ;  P  =  0.95 

•  Superior  inferior  [Z];  P  =  0.89 

•  Three-dimensional  [square  root  of  (X2  +  Y2  +  Z2)];  P  =  0.76 


•  This  finding  was  highly  correlated  between  the 
three  analyzers 

•  The  range  of  difference  in  tip  location  (X-axis  = 
7.6  mm;  Y-axis  =  6.1  mm)  and  limb  scores  (-2.5 
to  22.5)  was  significant 


Conclusrons 


•  Postoperative  MRI-determined  electrode  position 
does  not  predict  the  degree  of  contralateral  limb 
motor  parkinsonism  improvement 

•  Other  factors  may  have  a  greater  bearing  on  limb 
motor  response,  such  as: 

•  Disease  duration 

•  Biologic  variability  between  patients 

•  Variable  current  spread  to  surrounding  structures 


Conclusons 


•  Optimal  clinical  efficacy  allows  a  range  of  tolerance  for 
STN  lead  location  variability 

•  The  results  of  this  study  lend  support  to  the  conclusion  of 
our  previous  report: 

•  Clinical  efficacy  is  equivalent  with  DBS  electrode  placement 
anywhere  within  a  6  mm  diameter  tissue  cylinder  centered  at  the 
indirectly  defined  (relative  to  the  ICM  on  MRI)  STN  center 

•  McClelland  et  al.,  Neurosurgical  Focus  19(5):  E12,  2005 

•  Consequently,  anatomic  targeting  alone  may  provide  the 
same  clinical  efficacy  as  that  achieved  by  “fine-tuning” 
DBS  placement  with  microelectrode  recording  to  a  specific 
target  within  the  STN 
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A  Multi-Center  Consortium  Study  off 
Competing  Platforms  for  Stereotactic 

Brain  Irradiation 


An  Liu,  Ph.D. 

Division  of  Radiation  Oncology 
City  of  Hope  National  Medical  Center 

Duarte,  CA 


Purpose 


To  evaluate  quantitatively  the  dosimetric 
advantages  /  disadvantages  of  different  platforms 
for  stereotactic  radiosurgery  by  comparing 
treatment  plans  generated  on  GammaKnife, 
BrainLab  Novalis,  Helical  Tomotherapy,  Cyberknife 
and  Varian  Linac  SAS  IMRT. 
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CyberKnife 


•  6MV  photon  Linac 
on  robotic  arm 

•12  Collimators: 

5  mm- 6  Omm 

•  Max  number  of 
beams:  1200,  1700 

•  Real  time  tracking 
through  orthogonal  x- 
ray 


Helical  T omotherapy 

•  6  MV  photon  beam 

•  CT  detector  system 

•  Rotating  gantry 

•  Slice  thickness  0.5  -  5  cm 

•  Min.  beamlet  size  5  x  6.25 
mm 

•  Fan  beam  width  40  cm 

•  Couch  movement  up  to 
160  cm 

•  Dynamic  Arc  IMRT  with 
image  guidance 


Evaluation  Criteria 


•  Conformity  Index: 

•  Homogeneity  Index: 


V  xF 

v  PTV  v  tissue 

tvL 


•  Gradient  Score  Index  (GSI): 


GSI  =  100-100  x  [{REff^ %Rx  -  REff,RX)-  0.3cm] 


•  Critical  Organ  Integral  dose 


•  Case#  1 :  Arteriovenous 
malformation  (AVM) 

•  Tumor  Vol:  29cc 

•  Wrapping  around 
brainstem,  optic  chiasm, 
left  optic  nerve 

•  1 6Gy  single  shot 


•  BrainLab  plan:  7  non-coplanar  field 
IMRT  with  3  mm  miniMLC 

•  CyberKnife:  10mm  cone,  350  beams 

•  Helical  Tomotherapy:  co-planar  360 
dynamic  arc  IMRT 


•  Varian  Linac:  7  non-coplanar  step  and 
shoot  IMRT  fields  with  5mm  MLC 


Helical  TomoTherapy  vs  BrainLab 
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TomoTherapy  vs  CyberKnife 
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TomoTherapy  vs  GammaStar 


Helical  TomoTherapy  vs  BrainLab 


CT  #1  (Axial) 
Axial 


105.0%" 
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Tomo 


BrainLab 
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Tomo 


Helical  TomoTherapy  vs  Varian 


Tomo 


Varian  21  EX 


Tomo 


Varian  21  EX 


Comparison  Index 
Case  #1 


BrainLab 

Tomo  Varian/Corvus 

CyberKnife 

GammaStar 

Conformity  Index 

Cl 

1.82 

1.35 

1.55 

1.38 

2.18 

Homogeneity  Index 

HI 

1.09 

1.09 

1.21 

1.25 

1.79 

Gradient  Score  Index 

Dose  gradient  %/mm 

2.96 

3.59 

3.20 

3.60 

4.54 

GSI 

-38.92 

-9.08 

-26.46 

-3.75 

19.75 

Normal  Organ  Integral  Dose  (Gy*g) 

Brain  Stem 

74.18 

73.73 

75.92 

8.35 

80.24 

Lt  Optic  Neive 

3.61 

4.54 

4.98 

5.34 

6.11 

Optic  Chiasm 

2.71 

3.42 

2.70 

3.89 

2.11 

Rt  Optic  Nerve 

3.37 

2.38 

3.65 

1.12 

•  Case#2:  Metastatic 
Adenocarcinoma 

•  GTV:  0.8cc;  CTV: 
1.6cc 

•  Next  to  brainstem 

•  17Gy  single  shot 

•  BrainLab  plan:  5  non- 
co-planar  conformal 


arcs 


Helical  TomoTherapy  vs  BrainLab 


Case  #2 
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CyberKnife 


BrainLab  vs  CyberKniife:  Case  #2 
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CyberKnitfe  vs  GammaStar:  Case  #2 
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Comparison  Index 
Case  #2 


BrainLab 

TomoTherapy 

Varian/Corvus 

CyberKnife 

GammaStar 

Conformity  Index 

Cl 

2.30 

1.82 

1.58 

1.19 

1.83 

Homogeneity  Index 

HI 

1.07 

1.33 

1.14 

1.22 

1.22 

Gradient  Score  Index 

Dose  gradient  %/mm 

7.27 

9.35 

5.18 

13.19 

9.01 

GSI 

61.25 

76.51 

33.40 

92.11 

74.49 

Normal  Organ  Integral  Dose  (Gy*g) 

Brain  Stem 

28.24 

31.42 

29.11 

31.18 

45.16 

Multi-Parametric  Imaging 
in  Brain  Metastases: 

Measuring  Cognitive  and  Overall 
Response  to  Whole  Brain  Radiation 


Katie  McMillan,  Bill  Riddle,  Luigi  Moretti*, 
Corbin  Johnson*,  Dennis  Hallahan*,  Ron 

Price 

Departments  of  Radiology  and  Radiation  Oncology* 
Vanderbilt  University  Medical  Center 
Nashville,  Tennessee,  USA 


NIH/NCI  2R25  CA092043-06  NIH/NCRR  M01  RR  00095 
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Brain  Metastases 


•  10-30%  of  cancer 
patients 

•  Tumor  Progression  vs. 
Whole  brain  radiation 
treatment 

•  Treatment 

-  Whole  Brain  External 
Beam  Radiation  Therapy 

•  30  Gy  in  15  fx 

-  Chemotherapy 

-  Steroids 


QuickTime™  and  a 
decompressor 

are  needed  to  see  this  picture. 
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Pre-Therapy  Multi-Modal  Imaging 


T1 

Abnormal 

extent 


T2  FLAIR 

Tumor  and 
Edema 


FDG-PET 

Glucose 

uptake 


fMRI 


Simon 


BOLD  response 
to  attentional 
conflict 


Response  to  Therapy 


Patient  2 


Pre-Therapy 


Post-Therapy 
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fMRI  Results 


N-Back:  Working  Memory 

Both  Pre-  and  Post-Therapy 
|  Post- Therapy 
|  Pre-Therapy 

Simon:  Attention/Conflict 

I  Both  Pre-  and  Post-Therapy 
Post-Therapy 
Pre-Therapy 


V 


Fractional 


Brain  Shift 


Deformation  Based  Morphometry 


QuickTime™  and  a 
YUV420  codec  decompressor 
are  needed  to  see  this  picture. 


Riddle,  etal.  Ref.. 
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Composite 


|  Fractional  Anisotropy 
Shift  (DBM) 

|N  -back  (Working  Memory) 
I  Simon  (Attentional  Conflict) 

FA  &  Shift 
|N-back  &  Shift 

|  Simon  &  Shift 
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number  of  voxels 


MTR  Changes 


number  of  voxels 


0.3 


ADC  Changes 


Conclusions/Future  Work 


•  Many  more  questions  in  a  complicated 
disease  state. 

•  Number  of  detailed  case  studies? 

•  Obvious  goal  -  quality  of  life. 

•  Responses  mixed  -  improvement  of 
tumor  burden,  damage  to  cognitive 
ability. 

•  Tailor  choice  of  paradigms  to  location  of 
tumors. 
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Diffusion  MRI 


•  Only  non-invasive  measure  of 
white  matter  tract  structure 


Slower  diffusion 
across  fiber 


Faster  diffusion 
along  fiber 


2 


Diffusion  Tensor  MRI  (DTI) 


•  Tensor  model  for  diffusion 

-  3x3  symmetric,  positive  definite  matrix 

•  3  eigenvalues  and  eigenvectors 

-  Principal  diffusion  direction 

•  assumed  to  align  with  tract 


Principal 

Diffusion 

Direction 
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DTI  Scientific  Challenges  for 

Neurosurgery 

Display  of  high-dimensional  tensor  data 

-  Tractography  clustering 
Non-informative  in/near  cortex 

-  Tensor  gradient  approach  to  connecting  fMRI/DTI 
Ambiguous  in  regions  of  fiber  crossing 

-  Two-tensor  and  stochastic  tractography 
Correlation  of  DTI  with  pathology 

-  Measure  tumor  effect  along  tracts 

-  Develop  high  B-value  scan 


Displaying  Tractography 


•  Fiber  clustering 


Whole  brain  tractography 
before  clustering 


Clustering  result  in  a  surgical  case: 

Arcuate  fasciculus  cluster  near  anaplastic  astrocytoma 


Lauren  O'Donnell,  Marek  Kubicki,  Martha  E.  Shenton,  Mark  E.  Dreusicke,  W.  Eric  L.  Grimson,  Carl-Fredrik  Westin.  A  Method 
for  Clustering  White  Matter  Fiber  Tracts.  American  Journal  of  Neuroradiology  (AJNR)  27(5):  1032-1036,  2006 
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Displaying  Tractography 


Glioblastoma 


Low-grade  Glioma 


Lauren  O'Donnell,  Marek  Kubicki,  Martha  E.  Shenton,  Mark  E.  Dreusicke,  W.  Eric  L.  Grimson,  Carl-Fredrik  Westin.  A  Method 
for  Clustering  White  Matter  Fiber  Tracts.  American  Journal  of  Neuroradiology  (AJNR)  27(5):  1032-1036,  2006 
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fMRI  and  DTI:  seeding  from  cortex 


Find  white  matter  tract  connecting  to  fMRI 
-  Issue:  cortical  DTI  is  uninformative 
Follow  tensor  field  gradients  to  reach  tract 


Anatomical  Tractography  Gradient  of  Tensor  FA 


DTI  Tractography  Challenge 


•  Fiber  crossing  can  prevent  tracking 


Corticospinal  Tract 


8 


Single  Tensor  Tractography  in  CST 


Two  Tensor  Model  for  Fiber  Crossing 


•  Uses  information  from  the  single  tensor  fit 

-  Decide  where  there  should  be  two  tensors 

•  Tractography  is  a  challenge 

-  Choose  eigenvector  similar  to  current  direction 


Sharon  Peled,  Ola  Friman,  Ferenc  Jolesz,  Carl-Fredrik  Westin.  Geometrically  constrained  two-tensor  model  for  crossing  tracts  in 
DWI.  Magnetic  Resonance  Imaging  2006;24: 1263-1270.  10 


Two  Tensor  CST  Results 
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Two  Tensor  Fit 
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Tensor  One 


Tensor  Two 


Images  courtesy  of  Arish  Asif  Qazi  and  Gordon  Kindlmann. 


Stochastic  Tractography 


•  Direction  Uncertainty 

-  DTI  Noise 

-  Crossing  Fibers 


Images  courtesy  of  Tri  Ngo. 


Pathophysiological  Changes 


•  Quantify  tumor  effect  along  white  matter  tract 

-  Infiltration/edema/displacement/compression 


Monica  E.  Lemmond,  Lauren  J.  O'Donnell,  Stephen  Whalen,  Alexandra  J.  Golby.  Characterizing  Diffusion  Along  White 
Matter  Tracts  Affected  by  Primary  Brain  Tumors,  HBM  2007 

Lauren  J.  O'Donnell,  Carl-Fredrik  Westin,  and  Alexandra  J.  Golby.  Tract-Based  Morphometry,  MICCAI  2007 
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Pathophysiological  Changes 

•  Hypothesis:  high  b- value  DTI  can 

-  differentiate  edema  and  infiltrating  tumor 

-  enable  tracking  through  edema 

•  Data  acquisition:  multiple  diffusion  directions  and  b-values 

-  CURVE-ball  (cube  Rays  to  Vertices  and  Edges  +  isotropic  spherical  acquisition). 

-  Novel  and  efficient  clinically  feasible  method 

•  12  patients  scanned  to  date 

•  Investigating  various  analysis  methods 

-  to  elicit  tissue  microstructural  information 

-  based  on  monte  carlo  simulations  of  diffusion 

Sharon  Peled.  New  Perspectives  on  the  Sources  of  White  Matter  DTI  Signal.  In  Press,  IEEE  Transactions  on  Medical  Imaging 
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Content 

•  Principle  of  DTI 

•  Principle  of  tractography 

•  Application  to  brain  tumor  surgery 


DTI  reveals  White  matter  anatomy 


DTI  uses  water  diffusion  as  a  probe 
for  white  matter  anatomy 

•V, 

f 

\  *2  \  i 

Isotropic  diffusion 

rM  Tv 

■ 

Anisotropic  diffusion 

yy.' 

Anisotropic  diffusion 


Free  diffusion  Isotropic  diffusion 


( 

* 

Restricted  diffusion 

Anisotropic  diffusion 

Characterization  of  diffusion 


Measure  diffusion  along 
various  directions  (>  6) 


Calculate  shape  of  the 
ellipsoid 


Tensor  map,  anisotropy  map,  and 
color-coded  orientation  map 


Simplifications  and  assumptions 
in  DTI 


Diffusion  ellipsoid 


Can  axonal  projections  be 
reconstructed? 


At  each  voxel,  average  fiber 
orientation  can  be  estimated 


Axonal  projection  reconstruction 
may  be  possible 


ROI  placement  decides  specificity  of 
tractography  _ 


Comparison  with  postmortem 
samples 
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Content 

•  Principle  of  DTI 

•  Principle  of  tractography 

•  Application  to  brain  tumor  surgery 

-How  real?  Validation 
-False  positive  /  negative? 

-Efficacy? 
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Philips  Medical  System 


New  MRI  Technologies  with  Clinical  Potential 


Peter  van  Zijl 

Professor  of  Radiology,  Johns  Hopkins  University 
Director,  F.M.  Kirby  Research  Center  for  Functional  Brain  Imaging 

Kennedy  Krieger  Research  Institute 


Presentation  by:  Manus  J.  Donahue 
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Arterioles  and  Capillaries  Contain  Complex 

Flow  Control  Structures 


Smooth  muscle  surrounds 
arterioles 

-  Facilitates  changes  in  arteriole 
diameter 


Pericytes  containing  contractile 
proteins  line  capillaries 

-  Regulates  capillary  diameter 


Images  from:  Harrison,  et  al.  Cerebral  Cortex.  12.  2002. 


Image  Cerebral  Blood  Volume  (CBV)  Changes  with 
T1  -weighted  Vascular-Space-Occupancy  (VASO)  MRI 


VASO  Pulse  Sequence 


Scan  1 


Excite 


Scan  2 
o 


Time  (ms) 


Blood  water  protons  and 
tissue  water  protons  behave 
differently  in  the  presence  of  a 
magnetic  field 

VASO  Principle:  Acquire  an 
image  when  intravascular 
blood  signal  is  zero,  yet  tissue 
signal  is  positive 

Dark  areas  in  VASO  image 
reflect  high  CBV;  bright  areas 
reflect  lower  CBV 


Lu  H,  et  al.  Magn  Reson  Med.  2003. 


Fractional  Signal 


VASO  Identifies  CBV  Increases 
Associated  with  Brain  Activation 


Visual  stimulation 
activation  map 


VASO  MRI  has  become  popular  for  studying  brain 
activation  in  healthy  subjects 

1.  Retinotopic  Mapping:  Lu,  H  et  al.  Neuroreport.  2005;  16(1 5) 

2.  Contrast  Mechanisms:  Donahue,  MJ  et  al.  Magn  Reson  Med.  2006;  56(6) 

3.  Sequence  Improvements:  Poser,  BA  et  al.  MAGMA.  2007;63-7.  Epub  2007 


Many  pathologies  associated  with  changes  in 
CBV,  hemodynamic  reactivity  and  vessel  compliance 

Is  VASO  useful  in  the  clinic? 


Apply  VASO  to  patients  with  gliomas 


VASO  May  be  Important  for  Segmenting  High-grade  Gliomas 


•  Prognosis  for  patients  with  high-grade  gliomas  is  poor. 
Median  survival  time  without  treatment  is  3  months. 


•  Therapy  and  surgical  resection  can  extend  median 
survival  time  to  >  1  year  (Mason  et  al.  N  Engl  J  Med  352) 


•  Problem:  gliomas  are  very  heterogeneous  and 
infiltrative.  What  is  healthy  tissue,  active  tumor,  necrosis 
or  edema? 

•  What  should  be  cut  or  treated? 


Currently,  Resection  Based  Largely  on 
GAD  Enhancement  in  Tlw  Images 


GAD-Tlw  MRI 

1 .  Inject  contrast  agent  (GAD) 

2.  Acquire  T1 -weighted  image 

3.  Enhancement  in  region  of  blood-brain 
barrier  breakdown  (active  tumor) 


Problems: 

1.  Invasive 

2.  Enhancement  difficult  to  see 

3.  Some  high-grade  gliomas  do  not  enhance 

4.  Some  low  grade  gliomas  do  enhance 


Different  Tumor  Components  have  Different  T1 


Scan  1  Excite  Scan  2 

180°  90°  180° 


Time  (ms) 


Anaplastic  astrocytoma 


VASO  Image 


Experimental  Setup 


Scan  ten  patients  with  histologically-confirmed  gliomas: 

Four  gliobastoma  multiforme  (GBM) 

Two  anaplastic  astrocytoma  (AA) 

One  anaplastic  oligodendroglioma  (AO) 

Three  low-grade  (LG) 


T1 -weighted  MRI  Scans: 

FLAIR  MPRAGE 


tumor; 

edema 


T1  zones 


Tlw+GAD  VASO 


T1  zones; 
CBV 


BBB  breakdown 


Segmentation  Procedure 

FLAIR:  Tumor  +  Edema 


MPRAGE 


GAD-Tlw 


Multiple-T  1  w  Approaches 


ROI  in  white  matter 


Overlapping  Long-TI 


n-map 


Tumor  Segmentation  Using  Multiple  Tlw  Approaches 


FLAIR  MPRAGE  VASO 


FLAIR  Tumor 


Tumor  Segmentation 


GAD-Tlw 


GBM:  Glioblastoma  multiforme;  AO:  Anaplastic  oligodendroglioma;  LG:  Low-grade 


VASO+MPRAGE-  v  FLAIR 


Long  T1  Region  Correlates  with  GAD  Enhancement 


0.00  0.10  0.20  0.30  0.40 


VG AD-T 1  w  :  VFL AIR 


V Nec  V 

VASO+MPRAGE  '  FLAIR 


Long  T1  Region  Correlates  with  Tumor  Grade 


Low-grade 


High-grade 

(AA,AO,GBM) 


Biopsy-confirmed  Low-grade  with  Treatment  Effect 


FLAIR  MPRAGE  VASO  FLAIR  Tumor  GAD_T1w 

Tumor  Segmentation 


No  predicted  long  T1  zone;  suggests  low-grade  diagnosis 

Combined  MPRAGE  and  VASO  approach  may  be  useful  for 
distinguishing  treatment  effect  from  necrosis  associated  with 
progressive  tumor 


Conclusions 


Multiple  T1  -weighted  MRI  approaches  were  combined  to 
noninvasively  segment  gliomas  into  separate  regions 

VASO  provided  novel  information  due  to  the  black  borderline  which 
surrounded  the  predicted  necrotic  zone 

The  presence  of  a  necrotic  region  correlated  with  tumor  grade  and 
the  volume  of  enhancement  in  GAD-enhanced  MRI. 

Future  applications  of  VASO 

Track  antiangiogenesis  therapy 

Measure  CBV  reactivity  in  different  tumor  zones 

Apply  to  other  diseases  of  the  central  nervous  system 
(currently:  ischemic  stroke,  carotid  artery  steno-occlusive  disease) 
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New  Advances  in  Structural 
and  Functional  Brain  Imaging 

With  new  brain  imaging  tools  we  can  for 
the  first  time  “see”  human  brain  activity 
in  infants  and  children 

Such  advances  permit  us  to  look  at 
normal  brain  development  and  disease- 
induced  changes 

These  approaches  will  improve  our 
diagnostic  and  therapeutic  abilities 


Imaging  The  Newborn 
(and  Acutely  Injured)  Brain 

A  significant  number  of  newborns  suffer 
brain  damage  around  the  time  of  birth 

The  consequences  of  such  injury  can 
result  in  life-long  compromise 

In  some  cases  the  damage  may  be 
preventable  or  minimized.  As  in  adults, 
this  requires  immediate  recognition  and 
treatment: 

-  Goal:  Diagnose  and  Treat 


Hurdles-  Dx/Rx 
“Brain  Attacks” 

Brain  injured  infants  and  children  may 
be  “unstable”,  so  the  requisite  technology 
should  be  readily  available 

Need  for  information  regarding  the 
normal  range  of  brain  activity  (at  rest  and 
with  noise  or  light  stimulation) 

Identify  “markers”  predictive  of  trouble 

Identify  therapy  to  prevent  more  trouble 


Toxic  Factors 


Protecting  Factors 

growth/trophic  factors 
free  radicals  scavengers 


hypoxia-ischemia 
maternal  infection 
stress 

thyroid  deficiency 
genetic  factors 


Brain  Damage 


/ 

NMDA 

I - - 

cytokines  neurons 


astrocyte 

death 


ROS 

« 

I 


gliosis 


no  axonal 
regrowth 


glutamate 


AMPA-KA 


neuronal 

death 


oligo  death 


CNS  tissue  loss 


We  Can  Assess  Physiology  Non-in vasively 
with  Functional  Brain  Imaging 


Hemodynamic 

•Oxy-  &  Deoxy- 
Hemoglobin 
•Blood  Volume 
•Blood  Flow 

Metabolic 


Neuronal  -  Electrical 

•Voltage  sensitive  dyes 
•Calcium  Green 
•Scattering 


•Cytochrome 

oxidase 

•NADH  -  FADH 


Diffusion 


Diffusion 

•  Small  random  motion  of  water  due  to  its 
kinetic  energy  and  molecular  collisions 

Apparent  Diffusion 

•  Motion  of  a  molecule  due  to  diffusion  +  bulk 
flow 

Cannot  separate  motion  due  to  bulk  flow 

from  motion  due  to  only  to  Diffusion 
therefore  measure  Apparent  Diffusion 


Diffusion 


isotropic 


anisotropic 


F  ractional  Anisotropy 


Healthy  Na-K  Pump  Acute/Subacute 

Dysfunction  /  Cellular  Necrosis 
Hyperacute  Cellular 
Necrosis 


ADC 


t 

t 


Atrophy 

♦ 

♦ 


T2 


F  ractional  Anisotropy 


Diffusion  Tensor  Imaging 
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Tractography:  A  Materials-Based  Approach 
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Wedeen,  Tuch,  Reese 


Receive-only  surface  coil  at  3T 


IR-  3D  SPGR 
TR/TE/flip  = 

20  /  4.6  /  25  deg. 

II  =  300ms 
16  kHz  BW 
4:59  min.  scan  time 
512  x  256 

20  cm  x  15cm  FOV 
1.5  mm  partition 
390  um  x  586um  x  1.5mm 
=  0.34  mm3 


Receive-only  surface  coil  at  3T 


Grant,  Wald 


Polymicrogyria  (PMG) 


0 


I 


Normal 


Right  Hemisphere 


Left  Hemisphere 


Fischl,  Dale 


Statistical 

Comparison 

Of 

Right 

Hemisphere 
Compared  to 
Normals 


Fischl,  Dale 


Patient  #1 


Patient  CG-R  is  a  6  month-old  developmental^ 
normal  Latina  female  presenting  with  2  weeks  of 
“spells”,  consisting  of  clusters  of  brief  flexion  at 
the  waist  accompanied  by  extension  of  the  arms 
and  eye-blinking,  occurring  8-10  times  daily. 

Her  mother  was  diagnosed  with  generalized 
seizures  in  her  teens,  which  have  been  well- 
controlled  with  single  anti-epileptic  agents.  The 
patient’s  EEG  showed  hypsarrhythmia,  and  her 
clinical  events  were  only  marginally  controlled 
with  phenobarbital  and  valproate. 


Axial  T1 


K  1 

kV' 

I  L  J 

3D  Surface  Rending 


Patient  #2 

Patient  CL  is  a  12  year  old  African-American  male  with 
history  significant  for  sickle-cell  anemia  who  had  not  been 
managed  on  transfusion  therapy.  In  December  of  2000,  he 
presented  with  dysarthria  and  weakness  of  the  right  hand 
and  arm  which  resolved  over  24  hours.  Exchange 
transfusions  and  regular  pRBC  transfusions  were  begun. 
In  January  of  2001,  he  presented  with  a  dense  right-sided 
hemiplegia  and  expressive  aphasia.  He  was  exchange 
transfused,  and  maintained  at  higher  blood  pressures  for 
48  hours,  after  which  his  symptoms  resolved  slowly.  In 
rehabilitation  he  recovered  near-normal  right-sided  motor 
function  and  improved  speech.  In  April  of  2001  he 
returned  with  worsening  dysarthria,  was  exchange 
transfused,  and  is  now  improving  slowly. 


Post  Contrast 

Time  Of  Flight  MR  Angiogram 
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Mach  +  #  Ratio 

NA  54  1*91 

Hr  29  -  Ref  - 

Ch  30  l+04 

ml  7  0+23 

H2D  50112  1754,49 

RMS  Noise  =  4.11 

Cr  SNR  =  24.63 

Voxel  Location 
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Left  MCA  Territory 


1H-MR  Spectroscopy 


Bolus  Perfusion  Imaging 
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Mouse  Brain:  Coronal  DSI 
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DSI  (Diffusion  Spectra 
Imaging)  Automated 


Therapy  for  “Brain  Attacks 

Alter  cerebral  perfusion 

Decrease  ongoing  “cell  death” 

-  Blunt  ongoing  brain  damage 

•  Calcium  channel  blockers  (excitotoxicity) 

-  Scavenge/Neutralize  destructive  molecules 

•  Free  radical  scavengers  (vitamin  E) 

Decrease  cell  excitability 

•  Antiepileptic  drugs  (barbituates) 

•  Lower  the  brain  temperature 

Promote  growth  and  repair 


Collaborators  and  Sponsors 

MGH-N  euroradiology 

-  Ellen  Grant,  Larry  Wald 
MGH-NMR  Center 

-  Van  Wedeen,  Anders  Dale,  Bruce  Fischl, 
Nikos  Makris,  David  Kennedy,  Bruce  Rosen 

Off-Site  Collaborators 

-  Pierre  Gressens,  Philippe  Evrard,  Barry 
Lester,  Steve  Sheinkopf,  Victor  Song 

‘Sponsors’ 

-  NIDA,  Martinos  Center 


AN  ELECTRONIC  NOSE  USED  AS  AN  AID 

IN  MEDICAL  DIAGNOSES 


M.  A.  Ryan 

Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
Pasadena  CA  91109 
(818)354-8028  mryan@jpl.nasa.gov 
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Jet  Propulsion  Laboratory 

California  Institute  of  Technology 


Electronic  Nose 

CHEMICAL  SENSING:  "LOCK  AND  KEY"  MODEL 


JPL 

Jet  Propulsion  Laboratory 

California  Institute  of  Technology 


A  molecule  interacts  with  a  unique  receptor,  triggering  a 
response  in  the  receptor.  The  fit  may  be  shape  and  charge 
specific,  or  only  shape  specific.  The  response  may  be 
electrical  (conductivity  or  potential)  or  optical  (fluorescence 
or  color);  other  transduction  methods  are  possible 


Electronic  Nose 

CHEMICAL  SENSING:  "LOCK  AND  KEY"  MODEL 


JPL 

Jet  Propulsion  Laboratory 
California  Institute  of  Technology 


Very  few  receptors  are  truly  selective;  there  are  generally 
cross-sensitivities  which  lend  uncertainty  to  the  sensing 
process.  Cross  sensitivity  could  be  interpreted  as  low 
concentration  of  the  targeted  analyte. 


+ 


I -alanine 
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CHEMICAL  SENSING:  SENSOR  ARRAYS 
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ARRAY-BASED  SENSING  TAKES  ADVANTAGE  OF  CROSS 
SENSITIVITIES  IN  CHEMICAL  SENSORS 

Elements  in  array  are  semi-selective  toward  target 
molecules 

Array  responds  in  "fingerprint"  pattern  to  stimulus 
Response  of  entire  array  is  used  to  identify  stimulant 


Electronic  Nose 

WHAT  IS  AN  ELECTRONIC  NOSE? 


JPL 

Jet  Propulsion  Laboratory 

California  Institute  of  Technology 


An  array  of  non-specific  chemical  sensors,  controlled  and  analyzed  electron¬ 
ically,  which  have  overlapping  responses  to  compounds.  Compounds  are 
identified  and  quantified  by  recognition  of  patterns  of  response. 


1.  ENose  measures  background 
resistance  in  each  sensor  and 
establishes  R0  (baseline). 


3.  The  sensors,  polymer  films  loaded  with 
a  conductive  medium  such  as  carbon 
black,  change  resistance  by  swelling  or 
shrinking  as  air  composition  changes. 


2.  Contaminant  comes  in  contact 
with  and  sorbs  into  sensors. 
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WHAT  IS  AN  ELECTRONIC  NOSE? 
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California  Institute  of  Technology 


4.  Resistance  is  recorded,  the  change  in  resistance  is  computed,  and 
the  distributed  response  pattern  (“fingerprint”)  of  the  sensor  array  is 
used  to  identify  gases  and  mixtures  of  gases.  The  magnitude  of 
response  is  used  to  quantify  the  identified  compound. 


5.  Responses  of  the  sensor  array  are 
analyzed  and  quantified  using  software 
developed  for  the  task. 


s  \ 

n-propanol,  30  ppm 

v _ _ _ _ _ J 
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FINGERPRINT  RESPONSE  OF  ARRAY 
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ti@ly(inK§  Ibdnzen© 

50  ppm  50  ppm 


Polymer  Sensing  Film 


1  Poly(2,  4,  6-tribromostyrene) 

2  Poly(4-vinylphenol) 

3  Poly(ethylene  oxide) 

4  Polyamide  resin 

5  Cellulose  triacetate 

6  Poly(2-hydroxyethyl  methacrylate) 

7  Vinyl  alcohol/vinyl  butyral,  20/80 

8  Poly(caprolactone) 

9  Poly(vinylchloride-co-vinyl  acetate) 

10  Poly(vinyl  chloride/acetate)  90/10 

1 1  Poly(vinyl  acetate) 

12  Poly(N  -vinylpyrrolidone) 

13  Styrene/isoprene,  14/86  ABA 

14  Poly(vinyl  stearate) 

15  Methyl  vinyl  ether/  maleic  acid  50/50 

16  Hydroxypropyl  methyl  cellulose,  10/30 


Similar  compounds  can  be  distinguished  by  their  fingerprints.  Benzene  and  toluene 
are  both  aromatic,  and  have  similar  but  distinguishable  response  patterns. 


V 
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RESPONSE  PATTERNS  OF  ISOMERS 
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OH 

I 

ch3— ch  -ch3 

i-propanol 


HO  —  CH2— CH2-CH3 
n-propanol 


CD 

CO 

c 

o 

a 

co 

CD 

s_ 

T3 

a> 

N 

"ci 


1.0 


0.8 


0.6 


§  0.4 


0.2 


0.0 


4 


D  2 -propanol  60  ppm 
■  1 -propanol  59  ppm 


■ 

m 


6  8  10  12 
Sensor  Number 


14 


16 


1  Poly(2,  4,  6-tribromostyrene) 

2  Poly(4-vinylphenol) 

3  Poly(ethylene  oxide) 

4  Polyamide  resin 

5  Cellulose  triacetate 

6  Poly(2-hydroxyethyl  methacrylate) 

7  Vinyl  alcohol/vinyl  butyral,  20/80 

8  Poly(caprolactone) 

9  Poly(vinylchloride-co-vinyl  acetate) 

10  Poly(vinyl  chloride/acetate)  90/10 

1 1  Poly(vinyl  acetate) 

12  Poly(N  -vinylpyrrolidone) 

13  Styrene/isoprene,  14/86  ABA 

14  Poly(vinyl  stearate) 

15  Methyl  vinyl  ether/  maleic  acid  50/50 

16  Hydroxypropyl  methyl  cellulose,  10/30 


\ 

Isomers  of  propanol  have  similar  but  distinguishable  response  patterns. 
Enantiomers  can  be  distinguished  by  using  chiral  sensing  films. 
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POSSIBLE  APPLICATIONS 
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r 


SPACE  STATION  ENVIRONMENTAL  MONITORING 

Event  monitor  for  early  warning  of  spills,  leaks,  fires;  clean-up 
monitoring;  automated  environmental  control. 


MILITARY  APPLICA  TIONS 

Air  quality  monitor  for  enclosed  spaces. 

Detection  of  explosives,  chemical/biological  warfare  agents. 


INDUSTRIAL  MONITORING  AND  PROCESS  CONTROL 

Monitor  food  processing,  identity  and  condition  of  raw 
materials,  leaks  and  buildup  of  toxic  compounds. 


\ 

MEDICAL 

Diagnosis  of  diseases  with  characteristic  odors,  identify 

bacterial  cultures,  monitor  patients’  rooms,  monitor  labs. 

. . / 


OTHER  ENVIRONMENTAL  MONITORING 

Air  quality  in  buildings,  aircraft.  Presence  of  toxic  materials  in 
designated  spaces. 
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REAL  TIME  AIR  QUALITY  MONITORING 
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HUMAN  NOSE 


♦  array  of  thousands  of  sensors 

♦  broad  band  capability 

♦  trainable  to  new  odors 

♦  data  acquisition  in  the  brain 

♦  analysis  by  true  Neural  Network 
processing;  pattern  recognition 


LIMITS  ON  HUMAN  NOSE 


♦ 

♦ 


♦ 


fatigue 

constant  odor  becomes 
background 

insensitivity  to  some  compounds 
toxicity  of  some  contaminants. 


JPL  ELECTRONIC  NOSE 


♦  array  of  a  few  tens  of  sensors 

♦  thin  film  polymer  based  sensors 

♦  broad  band  capability 

♦  polymers  selected  to  respond  to 
particular  compounds 

♦  trainable  to  new  analytes 

♦  data  acquisition  by  computer 

♦  data  analysis  by  computational 
methods  and  pattern  recognition 


LIMITS  ON  ENOSE 


♦  insensitivity  to  some  compounds; 
overcome  by  sensor  film  selection 
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ELECTRONIC  NOSE  SENSOR  UNIT 
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The  ENose  Sensor  Unit  is  a  platform  which  can  accept  any  of  several  sensing  sets, 
selected  for  the  analyte  set  to  be  detected.  It  requires  a  computer  for  operation,  and 
can  be  run  on  a  lap-top  computer  if  real-time  data  analysis  is  required.  Data  can  be 
collected  on  a  PDA  if  analysis  is  to  be  done  later  on  a  more  powerful  computer. 
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ELECTRONIC  NOSE  TARGET  COMPOUNDS 
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Chemical 

Species 

Detected  at  JPL 
(ppm  mg/m3) 

Chemical 

Species 

Detected  at  JPL 
(ppm  mg/m3) 

acetaldehyde 

6 

10 

hydrazine 

0.3 

0.4 

acetone 

270 

675 

indole 

0.03 

0.15 

acetonitrile 

4 

7 

mercury 

0.01 

0.08 

ammonia 

20 

13 

methane 

3000 

2150 

benzene 

10 

35 

methanol 

5 

7 

2-butanone 

150 

450 

2-propanol 

50 

6 

chlorobenzene 

10 

46 

sulfur  dioxide 

1 

3 

dichloromethane 

10 

35 

tetrahydrofuran 

40 

118 

ethanol 

50 

25 

1 ,1 ,1  -trichloroethane 

11 

60 

formaldehyde 

25 

30 

toluene 

15 

56 

Freon  113 

20 

160 

xylenes 

100 

430 

Freon  218 

20 

150 

mixed  compounds  associated  with 

overheating  electronics 
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SPACE  STATION  ENVIRONMENTAL  MONITORING 


JPL 

Jet  Propulsion  Laboratory 

California  Institute  of  Technology 


LONGzDURATION  SPACE  FLIGHT 

♦  High  level  of  crew  productivity;  little  habitat  maintenance 

♦  Decouple  environmental  control  from  ground  control 

♦  Distributed  network  of  sensors  and  actuators 

♦  Sound  an  alarm  and/or  actuate  remedial  action 

♦  Early  identification  of  areas  requiring  remediation 

ELECTRONIC  NOSE 

♦  Incident  monitor  for  leaks  or  spills  resulting  in 
contamination  exceeding  Spacecraft  Max  Allowable 
Concentration  (SMAC) 

♦  Monitor  clean-up  process 

♦  Detect  pre-combustion  events 
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NASA’S  INTEREST  IN  MEDICAL  APPLICATIONS 
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LONGzDURMIQN  space  flight 

4  Crews  of  2-5  persons  for  3  months  to  2  years 

♦  ISS  missions  3  months 

♦  Moon  missions  6-12  months 

♦  Mars  missions  ~  2  years 

4  ISS  and  Moon  missions  have  1-4  day  return  time  in  medical 
emergency;  Mars  missions  have  7-12  month  return  time. 

4  Dependence  on  local  diagnosis  and  care.  One  crew  member 
may  be  MD. 

4  NASA  requires  development  of  small,  low  power  diagnostic 
and  treatment  aids  for  use  in  local  care  and  in  telemedicine 

ELECTRONIC  NOSE 

In  the  last  few  years,  there  have  been  several  in  vitro  and  in 
vivo  studies  of  diagnosis  using  an  electronic  nose 
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CLINICAL  STUDIES  USING  AN  ELECTRONIC  NOSESSA* 


BREATHANALYSIS 

Exhaled  breath  is  collected  in  a  sampling  bag  or  patient  breathes 
directly  into  device.  Exhaled  breath  may  contain  several  tens  of 
volatile  organic  compounds  as  well  as  water  vapor 

SWAB  HEADSPA CE  ANALYSIS 

Liquid  (sweat,  sputum,  infection  site)  collected  on  a  swab;  swab 
enclosed  and  headspace  sampled  to  detect  bacterial  metabolic 
products. 

ODOR  ANALYSIS 

Device  used  to  “sniff”  patient  to  detect  chemical  species  which 
signal  diseases 

CULTURE  HEADSPACE  ANALYSIS 

Headspace  above  a  culture  plate  is  sampled  to  detect  metabolic  or 
other  products 
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ARRAY  RESPONSE  TO  A  COMPLEX  MIXTURE 


California  Institute  of  Technology 
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Studies  Using  Breath  Analysis  for  Diagnosis 

Pneumonia  (VAP)  80%  accuracy 

•  detection  of  VOC  markers 

9  correlated  with  CT  scans,  other  clinical  data 

Hanson,  C.W.  and  Thaler,  E.R.  Electronic  Nose  Prediction  of  a  Clinical  Pneumonia  Score:  Biosensors  and 
Microbes.  Anesthesiology  102,  63-68  (2005). 

Hockstein,  N.G.,  Thaler,  E.R.,  Lin,  Y.Q.,  Lee,  D.D.,  and  Hanson,  C.W.  Correlation  of  Pneumonia  Score  With 
Electronic  Nose  Signature:  a  Prospective  Study.  Annals  of  Otology  Rhinology  and  Laryngology  114,  504-508 
(2005). 

Diabetes  mellitus 

•  detection  of  acetone 

9  correlated  with  clinical  data 

Yu,  J.B.,  Byun,  H.G.,  So,  M.S.,  and  Huh,  J.S.  Analysis  of  Diabetic  Patient's  Breath  With  Conducting  Polymer 
Sensor  Array.  Sensors  and  Actuators  B-Chemical  108,  305-308  (2005). 
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MEDICAL  APPLICATIONS  OF  ELECTRONIC  NOSES 
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Studies  Involving  Fluid  Analysis  (sweat  or  swabs) 


Schizophrenia  >95%  accuracy 

*  variation  in  body  odor 

*  discrimination  from  other  mental  illness  and  controls 

Di  Natale,  C.  et  al.  Identification  of  Schizophrenic  Patients  by  Examination  of  Body  Odor  Using  Gas 
Chromatography-Mass  Spectrometry  and  a  Cross-Selective  Gas  Sensor  Array.  Medical  Science  Monitor  11, 
CR366-CR375  (2005). 

Renal  Dysfunction  95%  accuracy 

*  variation  in  body  odor  (acid/base  balance  &  electrolytes) 

*  discrimination  among  end  stage/chronic/no  renal  failure 

Voss,  A.  et  al.  Smelling  Renal  Dysfunction  Via  Electronic  Nose.  Annals  of  Biomedical  Engineering  33,  656- 
660  (2005). 
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Studies  Involving  Fluid  Analysis  (sweat  or  swabs) 

Tuberculosis  90%  accuracy 

*  bacterial  metabolic  products  in  vitro  or  swab  headspace 
discrimination  among  various  bacteria 

*  correlated  with  cultured  swabs 

Pavlou,  A.K.  et  al.  Detection  of  Mycobacterium  Tuberculosis  (Tb)  in  Vitro  and  in  Situ  Using  an  Electronic 
Nose  in  Combination  With  a  Neural  Network  System.  Biosensors  &  Bioelectronics  20,  538-544  (2004). 


ENT  Infection  (S.  aureus)  88%  accuracy 

*  swab  headspace  discrimination  among  three  bacteria  subclasses 

*  correlated  with  cultured  swabs 

Dutta,  R.,  Gardner,  J.W.,  and  Hines,  E.L.  Classification  of  Ear,  Nose,  and  Throat  Bacteria  Using  a  Neural- 
Network-Based  Electronic  Nose.  Mrs  Bulletin  29,  709-713  (2004). 

Shykhon,  M.E.,  Morgan,  D.W.,  Dutta,  R.,  Hines,  E.L.,  and  Gardner,  J.W.  Clinical  Evaluation  of  the  Electronic 
Nose  in  the  Diagnosis  of  Ear,  Nose  and  Throat  Infection:  a  Preliminary  Study.  Journal  of  Laryngology  and 
Otology  118,  706-709  (2004). 
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Olfactory  Detection  of  Cancers 
Tumor-Sniffing  Dogs 

❖  Studies  of  canine  detection:  lung,  breast,  bladder,  skin 

Trained  dogs  detect  presence  of  cancer  through  breath,  fluid  or 
direct  odor  analysis.  High  level  of  accuracy  (85-95%) 

Mcculloch,  M.  et  al.  Diagnostic  Accuracy  of  Canine  Scent  Detection  in  Early-  and  Late-Stage  Lung  and 
Breast  Cancers.  Integrative  Cancer  Therapies  5,  30-39  (2006). 

Picket,  D.,  Manucy,  G.P.,  Walker,  D.B.,  Hall,  S.B.,  and  Walker,  J.C.  Evidence  for  Canine  Olfactory  Detection 
of  Melanoma.  Applied  Animal  Behaviour  Science  89, 107-116  (2004). 

Willis,  C.M.  et  al.  Olfactory  Detection  of  Human  Bladder  Cancer  by  Dogs:  Proof  of  Principle  Study.  British 
Medical  Journal  329,  71 2-71 4A  (2004). 


❖ 


News  Reports:  brain,  breast,  lung,  skin,  bladder 
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Olfactory  Detection  of  Cancers 
Electronic  Nose 


Studies  for  detection  of  lung  cancer  using  two  different 
e-noses;  70  -  90%  accuracy 

•  detection  of  VOC  markers 
9  correlated  with  clinical  data 

Di  Natale,  C.  et  al.  Lung  Cancer  Identification  by  the  Analysis  of  Breath  by  Means  of  an  Array 
of  Non-Selective  Gas  Sensors.  Biosensors  &  Bioelectronics  18, 1209-1218  (2003). 

Machado,  R.F.  et  al.  Detection  of  Lung  Cancer  by  Sensor  Array  Analyses  of  Exhaled  Breath. 
American  Journal  of  Respiratory  and  Critical  Care  Medicine  171,  1286-1291  (2005). 
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Why  Would  Tumors  Have  An  Odor  Signature? 

Studies  of  volatile  organic  compounds  produced  by 
tumors  show  it  is  possible  to  classify  by  VOCs 

Studies  of  differences  in  protein  structure  of  cancerous 
and  normal  tissues 

Studies  of  volatile  organic  markers  in  breath  of  cancer 
patients 
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Advantages  of  Diagnosis  with  an  Electronic  Nose 

4  Instruments  are  portable,  in  some  cases  hand-held, 

relatively  inexpensive  and  do  not  require  extensive  training 
or  laboratories  for  use 

4  Analysis  of  data  can  be  accomplished  in  several  minutes 

4  Sample  collection  is  simple 

+  vapor  phase  samples  drawn  directly  into  device 

or 

♦  fluids  placed  into  receptacle  and  headspace  sampled 

or 

♦  take  swab,  hold  in  vitro  30-120  minutes,  moderate  or  no  heat 
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Limitations  of  Diagnosis  with  an  Electronic  Nose 

♦  Studies  generally  have  samples  of  10-100  patients  and  so  do  not 
yet  show  general  applicability 

♦  Breath  analysis  requires  careful  adjustment  of  responses  of 
sensors  to  water  vapor 

♦  Several  studies  tried  multiple  approaches  to  data  analysis  before 
finding  one  which  gave  high  correlation  with  control  or  other 
clinical  data 

♦  Marker  compounds  for  diseases  are  not  always  well  characterized; 
use  for  diagnosis  of  different  diseases  will  require  different  sets  of 
sensors  and  specific  data  analysis  routines 

♦  Other  odors  may  interfere  with  sensor  response 
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Electronic  Noses  Show  Promise  for  Medical 

Application 

♦  An  electronic  nose  could  be  a  powerful  tool  for  early, 
preliminary  diagnoses,  to  be  followed  by  further  collection 
of  clinical  data 

♦  Diagnosis  using  an  electronic  nose  would  probably  not  be 
global;  specific  sensor  sets  will  correspond  to  detection  of 
specific  diseases 

♦  Potential  applications  to  telemedicine  and  for  delivery  of 
medical  care  to  remote  sites 
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Objective 


•  Long  term  objectives: 

-  1)  To  determine  if  Enose  can  be  used  to 
distinguish  tumor  tissue  from  normal  tissue 

-  2)  To  investigate  if  the  Enose  can  also  be 
used  to  “classify”  tumors 


Hypothesis:  Tissues,  normal  or 
pathological,  will  have  distinct  Enose 
“fingerprints.” 


Background 


•  Carolyn  Willis  et  al. 
(2004):  6  dogs,  7  mo. 
training,  41%  success 
rate  vs.  14%  by 
chance 

•  Pickel  et  al.  (2004):  2 
dogs  able  to 
discriminate  between 
covered  decoy  and 
melanoma  lesions 


Enose:  Lung  cancer 


•  Philips  etal.  (2003): 
volatile  organic 
compounds  (Alkanes 
and  monomethylated 
alkanes)  measured 
using  gas 

chromatography  and 
mass  spectroscopy 
as  the  basis  of  a 
predictive  model 


Enose:  Lung  cancer 


Lung  cancer  identification  by  the  analysis  of  breath  by  means  of  an 

array  of  non -selective  gas  sensors 

Corrado  Di  Natalea,b’*,  Antonella  Macagnanob,  Eugenio  Marlinellia, 

Roberto  Paolesse  ' ,  Giuseppe  D’Arcangelo  ,  Claudio  Roscioni  ,  Alessandro  Finazzi- 

Agro®,  Arnaldo  D’Amico  a,b 


Di  Natale  et  al.  (2002):  were  able  to 
distinguish  exhaled  air  of  35  lung  cancer 
patients  from  1 9  controls 


Aim:  To  investigate  if  the  Enose  can 
distinguish: 

-  Different  tumor  types  in  cell  culture 

-  Different  tissue  types 


Methods 


Cell  lines: 

-A2058  Melanoma 

-  U251  Glioblastoma 

Tissues: 

-  Pureed  chicken  liver 

-  Pureed  chicken  muscle 

Device:  JPL  Enose 


Effect  of  Culture  Media 
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Effect  of  starting  cell  number 


Array  variation  8% 
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U251  versus  A2058 
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Discussion 


Otolaryngology-Head  and  Neck  Surgery  (2007)  137.  269-273 

ORIGINAL  RESEARCH 

In  vitro  discrimination  of  tumor  cell  lines  with  an 
electronic  nose 

Kristin  B.  Gendron,  MD,  Neil  G.  Hockstein,  MD,  Erica  R.  Thaler,  MD, 
Anil  Vachani,  MD,  and  C.  William  Hanson,  MD,  Philadelphia,  PA 


Adenocarcinoma,  squamous,  mesothelioma,  fibroblasts,  smooth  muscle  cells 
were  distinguishable. 


Conclusions 


1)  Media  has  a  distinct  fingerprint 

2) Tumor  types  have  distinct  Enose 
signatures 

3)  Gross  tissues  can  be  differentiated 


Future  studies 


Confirm  these  preliminary  findings 

If  different  types  of  cells  can  be  distinguished, 
what  is  the  cause  of  the  difference? 

Develop  this  as  a  surgical  tool 

Develop  the  Enose  as  a  diagnostic  tool  that  may 
allow  further  classification  of  pathological  tissues 
such  as  tumors 


Computational  Radiology  Laboratory 
Harvard  Medical  School 
www.crl.med.harvard.edu 


Children’s  Hospital 
Department  of  Radiology 
Boston  Massachusetts 


Algorithms  for  Planning  for  Pediatric 
Neurosurgery 


Simon  K.  Warfield,  Ph.D. 
Associate  Professor  of  Radiology 
Department  of  Radiology 
Children’s  Hospital  Boston 


Children’s  Hospital  Boston 

The  Hospital  for  Children 


Technology  Guided  Interventions 

•  Algorithms  enable  quantitative 
assessment  and  visualization: 

-  segmentation 

-  registration 
-validation. 

•  Illustrative  application  to  image  guided 
neurosurgery: 

-  Preoperative  surgical  planning. 

-  Intraoperative  targeting  and  control. 

-  Postoperative  assessment. 


Computational  Radiology  Laboratory. 


Slide  2 


Augmented  Visualization 


•  Acquire  MRI,  DT-MRI,  fMRI  preoperatively 

-  Plan  intervention 


-  Enhance  tumor  visualization 

-  Better  perceive  critical  healthy  structures 


Align  preoperative  data  with  intraoperative 
c  "  -  '  -  ‘ 


Computational  Radiology  Laboratory. 


Slide  3 


Segmentation 

•  Goal:  identify  or  label  structures  present  in  the 
image. 

•  Wide  range  of  techniques: 

-  Interactive  or  manual  delineation 

-  Supervised  approaches  with  user  initialization 

-  Alignment  with  a  template 

-  Statistical  pattern  recognition 

•  Applications: 

-  Quantitative  measurement  of  volume,  shape  or 
location  of  structures 

-  Provides  boundary  for  visualization  by  surface 
rendering 


Computational  Radiology  Laboratory. 
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Segmentation 


Combine  statistical  classification  and  registration 
of  a  digital  anatomical  atlas 


images 


Computational  Radiology  Laboratory.  Slide  5 


Hierarchical  Control  Strategy 


Skin 


Brain 


Ventricles 


Tumor 


Computational  Radiology  Laboratory. 
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Validation  of  Image  Segmentation 

•  Segmentation  critical  for  preoperative 
planning,  intraoperative  targeting,  and 
postoperative  assessment. 

•  STAPLE  (Simultaneous  Truth  and 
Performance  Level  Estimation): 

-  An  algorithm  for  estimating  performance 
and  ground  truth  from  a  collection  of 
independent  segmentations. 

-Warfield,  Zou,  Wells  MICCAI  2002. 

-Warfield,  Zou,  Wells,  IEEE  TMI  2004. 


Computational  Radiology  Laboratory. 
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Validation  of  Image  Segmentation 

•  Spectrum  of  accuracy  versus  realism  in  reference 
standard. 

•  Digital  phantoms. 

-  Ground  truth  known  accurately. 

-  Not  so  realistic. 

•  Acquisitions  and  careful  segmentation. 

-  Some  uncertainty  in  ground  truth. 

-  More  realistic. 

•  Autopsy/histopathology. 

-  Addresses  pathology  directly;  resolution. 

•  Clinical  data  ? 

-  Hard  to  know  ground  truth. 

-  Most  realistic  model. 
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Computational  Radiology  Laboratory. 


Validation  of  Image  Segmentation 

•  Comparison  to  expert  performance;  to 
other  algorithms: 

•  What  is  the  appropriate  measure  for  such 
comparisons  ? 

•  Our  new  approach: 

•  Simultaneous  estimation  of  hidden  "ground 
truth”  and  expert  performance. 

•  Enables  comparison  between  and  to  experts. 

•  Can  be  easily  applied  to  clinical  data  exhibiting 
range  of  normal  and  pathological  variability. 


Computational  Radiology  Laboratory. 
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Estimation  Problem 

•  Complete  data  density:  /(D,T  |p,q) 

•  Binary  ground  truth  T;  for  each  voxel  i. 

•  Expert  j  makes  segmentation  decisions  Dy 

•  Expert  performance  characterized  by  sensitivity 
p  and  specificity  q. 

-We  observe  expert  decisions  D.  If  we  knew 
ground  truth  T,  we  could  construct 
maximum  likelihood  estimates  for  each 
expert’s  sensitivity  (true  positive  fraction) 
and  specificity  (true  negative  fraction): 

P,  q  =  arg  max  In  /( D,  T  |  p,  q) 

p>q 


Computational  Radiology  Laboratory. 
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Tumor  Segmentation  Evaluation 


MR  image  Tumor  region  Experts  STAPLE 
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Registration 

•  Goal:  Bring  image  acquisitions  into 
alignment 

•  Intra-subject 

-  Fuse  multiple  modalities 

-  Improve  segmentation  by  using  multiple 
contrast  mechanisms 

-  Enhance  visualization  by  overlap  or 
blending  different  data 

-  Capture  soft  tissue  deformation 

•  Inter-subject 

-  "atlasing”  -  compare  groups 


Computational  Radiology  Laboratory. 


Targeting  in  Neurosurgery 


•  Capturing  brain  deformation. 

-  Intraoperative  nonrigid  registration. 

•  Warfield  et  al.  Med  Imag  Anal  2005. 

•  Clatz  et  al.  IEEE  TMI  2005. 

•  Archip  et  al.  Neuroimage  2007 
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Computational  Radiology  Laboratory. 


Intra-operative  MRI 


Open  configuration  MR  scanner 


Operating  Room 


Computational  Radiology  Laboratory. 
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“Brain  Shift”  happens 

•  Nabavi  et  al.  Neurosurgery  2001 


Intraoperative  Nonrigid  Registration 


•  Fast:  it  should  not  take  more  than  1  min  to  make  the 
registration. 

•  Robust:  the  registration  should  work  with  poor  quality 
image,  artifacts,  tumor... 

•  Physics  based:  we  are  not  only  concerned  in  the 
intensity  matching,  but  also  interested  in  recovering  the 
physical  (mechanical)  deformation  of  the  brain. 

•  Accurate:  neuro-surgery  needs  a  precise  knowledge  of 
the  position  of  the  structures. 


Computational  Radiology  Laboratory. 
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Block  Matching  Algorithm 


Similarity  measure:  coefficient  of  correlation  e[0:l] 

Divide  a  global  optimization  problem  in  many  simple  local  ones 
Highly  parallelizable,  as  blocks  can  be  matched  independently. 


Computational  Radiology  Laboratory. 
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Block  Matching  Algorithm 


Displacement 
estimates  are 
noisy. 


Computational  Radiology  Laboratory. 
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Patient-specific  Biomechanical  Model 


Pre-operative 

image 


Automatic 
brain  segmentation 


Brain  finite 
element  model 
(linear  elastic) 


Computational  Radiology  Laboratory. 


Slide  19 


Registration  Formulation 


•  Approximation:  robust  but  not  accurate 

•  Interpolation:  accurate  but  not  robust 

Solution:  Iterative  strategy  shifting  from 
approximating  to  interpolating: 

+  Use  the  mechanical  knowledge 
introduced  by  the  approximation  to  select 
physically  realistic  matches. 

+  Converge  to  the  interpolation  while 
increasingly  trusting  the  remaining  matches. 


Computational  Radiology  Laboratory. 
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Gradual  Approach 

Method:  iterative  method  introducing  an 
external  force  F  balancing  the  mesh 
internal  mechanical  energy: 

[k  +  HtSh]  U  =  HtSD  +  F 

Algorithm: 

Fi  <=  KUt 

UM  <=  [k  +  HtSh]'  [htSD  +  F,  ] 

At  each  iteration,  reject  %  of  outliers  based 
on  a  least  trimmed  squared  algorithm. 


Computational  Radiology  Laboratory. 
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Gradual  Approach 


First  step  After  5  steps  After  1 0  steps 


Computational  Radiology  Laboratory. 
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Registration  accuracy 


(l)Non-rigid  alignment  of 
MPRAGE. 


Contours  extracted  from  (1) 
with  the  Canny  edge  detector 


95%  Hausdorff 
metric  computed 


Computational  Radiology  Laboratory. 
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Results 


Tumor  position 

Tumor  pathology 

Non-rigid  registration  -  preop  to  intraop  scans 
(95%  Hausdorff  distance) 

Max  Displacement 
measured 
(mm) 

Rigid  registration 
accuracy  -  preop  to 
intraop 
(mm) 

Non-Rigid 
registration 
accuracy  -  preop  to 
intraop 
(mm) 

Ratio 

Rigid/Non- 

Rigid 

Case  1 

right  posterior 

oligoastrocytoma  Grade  II 

10.68 

5.95 

1.90 

3.13 

Case  2 

left  posterior 
temporal 

glioblastoma  Grade  IV 

21.03 

10.71 

2.90 

3.69 

Case  3 

left  medial  temporal 

glioblastoma  Grade  IV 

15.27 

7.65 

1.70 

4.50 

Case  4 

left  temporal 

anaplastic  oligoastrocytoma 
Grade  III 

10.00 

6.80 

0.85 

8.00 

Case  5 

right  frontal 

oligoastrocytoma  Grade  II 

9.87 

5.10 

1.27 

4.01 

Case  6 

left  frontal 

anaplastic  astrocytoma 

Grade  III 

17.48 

10.20 

3.57 

2.85 

Case  7 

right  medial 
temporal 

anaplastic  astrocytoma 

Grade  III 

19.96 

9.35 

2.55 

3.66 

Case  8 

right  frontal 

oligoastrocytoma  Grade  II 

17.44 

8.33 

1.19 

7.00 

Case  9 

right  frontotemporal 

oligoastrocytoma  Grade  II 

15.08 

7.14 

1.87 

3.81 

Case  10 

right  occipital 

anaplastic  oligodendroglioma 
Grade  III 

9.48 

5.95 

1.44 

4.13 

Case  11 

left  frontotemporal 

oligodendroglioma  Grade  II 

10.74 

4.76 

0.85 

5.60 

AVG 

14.27 

7.44 

1.82 

4.58 

Computational  Radiology  Laboratory. 
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Results 


Matched  preoperative  fMRI  and  DT-MRI 
aligned  with  intraoperative  MRI. 


Tensor  alignment:  Ruiz  et  al.  2000 


Computational  Radiology  Laboratory. 
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Results 


•  Alignment  of  pre-operative 
data  to  the  intra-operative 
images  was  achieved  during 
the  neurosurgery. 


Computational  Radiology  Laboratory. 
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Conclusion 


•  Planning,  targeting  and  intervention  in 
surgical  procedures  augmented  through 
algorithms  for: 

•  Visualization 

-  Requires  segmentation  to  identify  structures 
for  rendering 

•  Segmentation 

-Validation  of  segmentation  with  STAPLE 

•  Registration 

-  Real-time  nonrigid  registration  during 
surgery 


Computational  Radiology  Laboratory. 


Slide  27 


Acknowledgements 


Colleagues  contributing  to  this  work: 


Neil  Weisenfeld. 
Andrea  Mewes. 
Richard  Robertson. 
Joseph  Madsen. 
Karol  Miller. 


Liliana  Goumnerova. 
Blaise  Bourgeois. 
Frank  Duffy. 

Arne  Hans. 

Olivier  Clatz. 


This  study  was  supported  by: 

Center  for  the  Integration  of  Medicine  and  Innovative 
Technology 

NSF  ITR 

R01  RR021885 


Computational  Radiology  Laboratory. 


Slide  28 


A  CASE  REPORT: 

Tumefactive  Multiple  Sclerosis: 
Comparative  Imaging  Techniques 


Perry  K.  Richardson,  MD 

Associate  Professor  of  Neurology 
The  George  Washington  University 
School  of  Medicine 

Washington,  DC 


Case  Report 


■  CC:  balance  trouble 

■  HPI:  56-year-old  woman,  walking  difficulty  9/06 
diagnosed  elsewhere  as  MS.  Per  report  positive 
MRI  brain  and  positive  LP.  Since  then  on 
intramuscular  IFN-betala  weekly. 

■  7  months  later  progressive  BLE  weakness  and 
imbalance  over  1  week 

■  Denied  visual  sx,  numbness,  bowel/bladder  sx, 
fever,  recent  illness  or  immunization 


History  and  Physical 


PMHx: 

□  MS,  dx  9/2006 

□  Hypothyroidism 

□  Migraine  headaches 
Depression 
Hypertension 

Meds: 

□  IFN-betala,  thyroxine, 
metoprolol, 
simvastatin,  valproate 


□  Motor:  4+/5  weakness 
left  arm  and  leg, 
increased  tone  in  left  leg 

□  DTR:  brisk,  symmetric; 
bilateral  Babinski  signs 

□  Sens:  normal 

□  Coord:  left  arm  and  leg 
dysmetria 

□  Gait:  ataxia 


FMH/SOC:  negative 


Diagnostic  tests 


A.  FLAIR 


MRI  (09-06) 


B.  Tl-  weighted  with  contrast 


Diagnostic  tests:  MRI  (04-07) 


A.  FLAIR 


B.  Tl-weighted  with  contrast 


CT  (04-07) 


Diagnostic  tests:  MRS  (04-07) 

reduced  NAA/Cr  in  right-side  lesion, 
mild  increased  choline  peak  on  left  side 


Rlulfi 


Hospital  course 


■  CBC,  chem,  ESR,  CRP,  B12,  Folate,  HIV 
negative  or  normal 

■  MRI  C-spine:  normal 

■  initially  started  on  Solumedrol  Igm  IV  5  days  for 
presumed  MS  exacerbation 

■  progressed  to  hemiplegia,  delirium,  agitation 

■  brain  biopsy 


Pathology:  H&E  stain  shows  brain  parenchyma 

with  increased  macrophages  (identified  by  their  clear 
cytoplasm) 


r  t 

m  % 

m£ 

*  E  #ra 

w 

% 

* 

#  * 

^  • 

#  g  V 

m  *  • 

G> 

« 

%  * 

1 

» 

• 

*  tlffj 

PS  ?■  tffljmrt  n| 

S  ^fr 

< , 

[\ 

9 

t 

~*3K 

k.  i  *4  L  J 

l  &  'd 

JS  C  #  9 '  rLJj 

K; 

3j  # 

aL| 

1 

«T 

|w^  4  |ag5»B 

t 

. 

v  •! 

^  ^ 

J«k  C3 

#  ?; 

w 

% 

* 

•  4  *% 

1 

1  y 

f 

Pxf 

>i4  5% 

Pathology:  H&E  stain  shows  macrophages 
around  a  blood  vessel  in  the  center  of  the  field. 


Pathology:  CD68  immunostain  (a  marker 
for  macrophages)  highlights  the  macrophages 
especially  around  the  central  blood  vessel 


Differential  Diagnosis 

■  neoplasm:  glioma,  metastases 

■  neoplasm:  lymphoma 

■  cerebral  abscess 

■  Progressive  Multifocal  Leukoencephalopathy 

■  Demyelinating  disease: 

Tumefactive  MS  —  only  1  prior  case  report  of  relapsing-remitting  tumefactive  MS 

m  Clinically  isolated  syndrome  (CIS)  vs.  multiple  sclerosis  (MS) 

Marburg  variant  -  encephalitis  periaxialis  scleroticans 
Balo’S  disease  -  encephalitis  periaxialis  concentrica 
Schilder’s  disease  -  encephalitis  periaxialis  diffusa 

□  ADEM  —  acute  disseminated  encephalomyelitis  (post-infectious/post-vaccinial) 

□  acute  hemorrhagic  leukoencephalitis 

leukodystrophies  —  adrenoleukodystrophy,  metachromatic  leukodystrophy 


Poser,  Clin  Neurol  Neurosurg  106  (2004)  159-171, 
Selkirk,  Mult  Scler  11  (2005)  731-734 


Atypical  MS 


Mart#** 


A.  Marburg  variant  -  encephalitis  periaxialis  scleroticans 

B.  Schilder’s  disease  -  encephalitis  periaxialis  diffusa 

C.  Balo’s  disease  -  encephalitis  periaxialis  concentrica 

D.  acute  hemorrhagic  leukoencephalitis 

E.  ADEM  —  acute  disseminated  encephalomyelitis 


tm-NM 


Poser,  Clin  Neurol  Neurosurg  106  (2004)  159-171 


Balo’s  concentric  sclerosis 


Schilder’s  Disease 


Marburg’s  Disease 


Poser,  Clin  Neurol  Neurosurg  106  (2004)  159-171 


Severity 


The  spectrum  of  inflammatory 
demyelinating  disorders  of  the  CNS 


by  chronicity  and  severity 


Fulminant 

■  ADEM 

■  Marburg's 


Isolated 

■  ON 

■  Transverse 
myelopathy 


MS 
RH  -  $P' 


Benign 

MS 


Restricted 
distribution 

•  Devic's 
■  Bale's 

•  Relapsing 
Myelitis 


Progressive 

■  Chronic 
myelopathy 

■  Cerebellar 
syndrome 


Poser,  Clin  Neurol  Neurosurg  106  (2004)  159-171 


Chronicity 


Tumefactive  demyelination  (TDL) 

■  Numerous  clinical,  pathological  and  radiographic  reports, 
both  MS  and  monophasic  (CIS) 

■  N=31  bx  proven  TDL 

■  Clin:  acute  onset  focal  neurological  deficit 

□  age  10-77  (note  older  age),  F>M 

□  low  risk  of  recurrence  or  definite  MS  (3  yrs) 

■  Path:  identical  to  MS  or  ADEM 

□  foamy  macrophages 

□  increased  lipids 

□  myelin  loss  with  relative  preservation  of  axons 

□  reactive  astrocytes 

□  variable  perivascular  inflammation 

sharp  edged  lesion  vs.  irregular  margin  (Poser  2004) 

■  Natural  hx:  often  responsive  to  steroids 


Kepes  Ann  Neurol  33  (1993)  18-27 


Pathology  -  TDL 


■  TDL 

□  Avascular 

□  Foamy  macrophages 

□  Myelin  loss,  var.  axon  loss 

□  Perivenular  inflammation 

□  Astrocytes 

■  Occ.  Mitotic  figures 

■  Occ.  Pleomorphic 

■  Reactive 

□  Edema 

□  Necrosis 

□  Cystic  change,  cavitation 


vs.  tumor 


Tumor 

□  Hypervascular 

□  Oligodendrocytes, 

□  Small  blue  cells  (lymphoma) 

□  Axon  loss 

□  Astrocytes 

■  Mitotic  figures 

■  Pleomorphic 

■  Hyperchromatic  nuclei 

□  Edema 

□  Necrosis 

□  Cystic  change,  cavitation 


Imaging  -  TDL 

■  N=21  biopsy-proven  TDL 

□  MS,  CIS,  ADEM,  no  data  in  7 

■  Mean  age  37  (10-58),  F>M 

■  Solitary  (8),  multiple  (13) 

■  Mean  diameter  4.6cm  (2-1 1  cm) 

■  Frontal  (8),  frontoparietal  (8),  occipital  (4),  temporal  (1) 

■  Enhancement  (10),  ring  enhancement  (9) 

■  Edema  (8) 

■  Mass  effect  minimal  (14),  moderate  (5),  marked  (2) 

■  Cystic  change  (4) 

■  Conclusions 

i  ]  CIS/TDL  more  enhancement  than  typical  MS 
Little  mass  effect  or  edema  for  lesion  size 


Dag  her,  Smirniotopoulos  Neuroradiology  38  (1996)  560-565 
Given,  C.  A.  et  al.  Am.  J.  Roentgenol.  182  (2004)  195-199 


Imaging  -  TDL  vs.  tumor 


■  TDL 

□  “open-ring”  (to  gray  matter) 

□  little  mass  effect 

□  little  edema 

□  supratentorial 

□  decreased  perfusion 

□  shrink  with  steroids 

□  corpus  callosum  involved 

□  MRS  hi  CHO,  low  NAA 

□  decreased  MTR 


■  Tumor 

□  closed  or  no  ring 

□  mass  effect  variable 

□  edema  variable 

□  supratentorial  or  infratentorial 

□  increased  perfusion 

□  steroid  response  (lymphoma) 

□  corpus  callosum  involved 

□  MRS  hi  CHO,  low  NAA 

□  decreased  MTR 


Brain  biopsy  -considerations 


■  Clinically  isolated  syndrome 

■  Solitary  lesion 

■  Lesion  size/mass  effect 

■  Contrast  enhancement 

■  Discordant  symptoms 

■  Atypical  location  (not  periventricular) 

■  Morbidity  3.5%  mortality  0.7% 


Physiologic  MR  imaging  in  MS 


■  MRI  -  T1  black  holes  (axon  loss) 

■  MRI  -  post-gadolinium  (acute  BBB  breakdown) 

■  Proton  MR  spectroscopy  -  metabolic  entities 

■  Perfusion  MRI  -  rCBF  (vascularity) 

■  Magnetization  transfer 

■  MR  venography  -  perivascular  pathology 

■  PET  scan  -  metabolic  state 


Physiologic  MR  imaging  in  MS 


ppm 


(A)  Fluid-attenuated 
inversion  recovery  image,  (B) 
postgadolinium  T 1  -weighted 
image,  (C)  magnetization 
transfer  ratio  map,  (D) 
regional  cerebral  blood  flow 
map,  and  (E)  apparent 
diffusion  coefficient  map  of 
an  axial  slice  through  the 
center  of  the  large  enhancing 
lesion  in  the  right 
frontoparietal  region. 
Localized  lH  spectra  were 
obtained  from  a  voxel  (3.7  cc) 
in  the  lesion  (bottom  right, 
lower  spectrum)  and  in  the 
contralateral  normal¬ 
appearing  white  matter  (upper 
spectrum).  Spectra  are  scaled 
(repeat  time/echo  time  = 
3,000/30  msec).  See  text  for 
details.  MI  =  myoinositol; 
CHO  =  choline;  CR  = 
creatine;  NA  =  N-acetyl; 
LAC/LIP  =  lactate  and  lipids. 


Ernst  Neurology  51  (1998)  1486-1488 


MR  spectroscopy  -  metabolites 

■  Long  echo  time  (TE  135  or  270ms) 

□  CHO--choline:  membrane  turnover/density 

(e.g.  myelin  breakdown,  inflammation,  neoplasm) 

□  NAA-A/-acetylaspartate:  neuron/axon/mitochon  marker 

□  lactate:  anaerobic  metabolism  (e.g.  inflammation) 
creatine:  cell  metabolism 

■  Short  echo  time  (TE  10-30ms) 

□  lipids:  myelin  damage,  lipoma,  hi-grade  glioma 

□  myoinositol:  glial  cell  marker 

□  glutamate,  glycine 

■  Use  in  MS:  detect  axon  damage  (incl.  NAWM), 
correlates  best  with  disability,  serial  scan/Rx 


Bitsch  AJNR  20  (1999)  1619-1627 


proton  MR  spectroscopy 


acute 

demyelinization 

chronic 

demyelinization 

low  grade 

glial  tumor 

high  grade 

glial  tumor 

lymphoma 
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Serial  MR 
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The  absolute  concentrations  of  the 
metabolites  as  a  function  of  time. 
The  mean  of  the  healthy  control 
subjects  ±  1  SEM  is  indicated  by  the 
horizontal  bars. 

A,  Time  course  of  NAA.  After  a 
reduction  in  month  1,  a  slow 
recovery  is  visible  until  month  22. 

B,  Time  course  of  Cr.  There  is  a 
significant  elevation  from  month  3 
to  months  6  and  12. 

C,  Time  course  of  Cho.  Note  the 
significant  decrease  from  month  0  to 
month  3. 

D,  Time  course  of  myo- inositol.  No 
systematic  changes  are 
recognizable. 


Mader,  et  al  AJNR  21  (2000)  1220-1227 


Dynamic  contrast-enhanced  T2 


TDL  in  a  22-year-old  woman. 

A,  Contrast-enhanced  Tl-weighted  image  (600/14/1)  shows  a  well -circumscribed  solidly  enhancing  mass  in  the  right  frontal  lobe. 

B,  Fluid-attenuated  inversion  recovery  image  (9000/110/1)  shows  a  mild  degree  of  signal  abnormality  around  the  lesion. 

C  Color  overlay  of  rCBV  map  shows  no  evidence  of  increased  blood  volume 


Cha,  et  alAJNR  22  (2001)  1109-1116 


Relative  cerebral  blood  volume 


Range  of  Mean 
rCBV  iCBV*  SD 


Tumefactive  demyelinating  lesion  (n  =  12)  0,22—1,79  0,88  0,46 

Intracranial  neoplasms  (n  =  II)  1,55-19,2  6,47  6,52 


£  p  = 

=  .009 

Patient 

No. 

Age  (y) 

Sex 

Pathologic  Diagnosis 

Maximum 

Tumor 

rCBV 

1 

39 

F 

Anaplastic  mixed  glioma 

19,2 

2 

63 

F 

Glioblastoma 

18.7 

3 

51 

M 

Anaplastic  astrocytoma 

8,7 

4 

70 

M 

Glioblastoma 

5,8 

5 

70 

M 

Glioblastoma 

3,23 

6 

28 

F 

Oligodendroglioma 

2.27 

7 

29 

F 

Anaplastic  astrocytoma 

4.87 

H 

54 

M 

Primary  cerebral  lymphoma 

2.14 

9 

51 

M 

Primary  cerebral  lymphoma 

1.55 

10 

51 

M 

Primary  cerebral  lymphoma 

2.82 

11 

37 

M 

Primary  cerebral  lymphoma 

1.94 

Cha,  et  alAJNR  22 
(2001)  1109-1116 


Perivenular  plaque  distribution 


E,  Dynamic  T2*-weighted  image  (1000/54/1)  obtained  during  IV  administration  of  contrast  agent 
shows  several  periventricular,  linear  vessel-like  structures  {arrows)  running  through  the  center  of 
the  lesion  near  a  dilated  subependymal  vein.  The  dominant  lesion  itself  shows  no  signal  loss. 


Cha,  et  alAJNR  22  (2001)  1109-1116 


MR  venography 


A  and  B,  Axial  T2-weighted  MR  image  (7000/112/2)  (A)  at  the  level  of  the  lateral  ventricles  and 
corresponding  contrast-enhanced  MR  venogram  (67/50/1)  ( B) .  The  inset  in  B  is  the  minimum  intensity 
projection  image  calculated  over  7.5  mm  of  the  boxed  area.  The  form  and  orientation  of  the  left 
periventricular  MS  lesion  ( wide  arrow/)  corresponds  to  the  course  of  the  longitudinal  caudate  vein.  The  lesion 
at  the  posterior  limb  of  the  right  internal  capsule  (thin  arrow/)  corresponds  to  the  course  of  a  striate  vein. 
Curved  arrow  indicates  internal  cerebral  vein;  open  arrow,  septal  vein 


Tan  et  al,  AJNR  21  (2000)  1039-1042 


PET  scanning 


MRI  (Acute)  PFT  (CMRglc)  Acute  PFT  (CMRglC)  After  20  days 


MRI  and  PET  of  a  patient  admitted  with  an  acute  large  plaque  in  the  left 
orbitofrontal  region.  The  PET  scan  was  repeated  after  20  days.  The  MRI  scan 
was  unchanged  but  the  PET  scan  showed  an  increase  in  the  glucose  metabolism, 
both  in  the  frontal  white  matter  and  in  the  frontal  cortex  on  the  left  side. 


Sorensen,  et  al.  J  Neurol  Sci  245  (2006)  99-102 


Conclusions 


■  This  appears  to  be  the  second  reported  case  of  relapsing- 
remitting  tumefactive  MS 

■  Consider  TDL  in  differential  dx  of  cerebral  mass  lesions 

■  Some  radiographic  features  suggestive 

□  “open-ring”  enhancement,  little  mass  effect,  little  edema 

■  Most  CIS/TDL  pts  do  not  later  develop  CDMS 

■  Most  CIS/TDL  pts  who  do  have  MS  develop  more  typical 
(<2cm)  lesions 

■  Optimal  therapy  for  tumefactive  MS  unknown,  though 
proper  diagnosis  may  prevent  injurious  therapy 

■  Diagnostic  options  -  MRS,  PET,  rCBV,  MTR  have  NOT 
replaced  brain  biopsy  as  definitive  diagnostic  entities 


Big  Trend 

U.S.  troops  increasingly  face 
chaotic  urban  warfare 

Impact  of  Improvised 
Explosive  Devices  (lEDs) 
increasing 

Identified  as  No. 3  current 
goal  for  the  Pentagon 

88%  of  E2  treatments  due  to  www.globalsecurity.org 

I  ED  or  mortars 


Range 

of 

Possible 

Blast 

Intensity 


Major  Challenge 


Symptoms 
I  Psychosis 
r  PTSD 
*  Headaches 
k  Insomnia 
k  Vertigo 
Organ  Failure 
Paralysis 
Death 


Three  Year  Projection 

Develop  SAIBR:  Soldier  Armor 
integrated  Blast  Recorder 

Pressure  and  accelerometry  sensing  + 
datalogging 

Compact,  low-profile,  field  maintainable 
Essentially  a  “blast  dosimeter” 


Approach  for  3  Year  Target 


Phase  0:  Define  specs 

Phase  1 :  Prototype 
using  commercially 
available  components 

Phase  2:  Design  and 
build  integrated  system 

Testing,  testing,  testing 


5  Year  View 


Phase  3:  Production  ramp-up  and 
widespread  deployment 

Need  manufacturing  partners  (e.g., 
makers  of  helmets  or  armor) 

Integration  with  military  electronic  health 
records 


Rationale  for  5  Year  View 


SAIBR  will  be  most  powerful  once 
extensively  deployed. 

Data  mining  for  threshold  effects, 
efficient  triage,  blast  injury  mechanisms 

Immediate  blast  dosimetry  could  enable 
“golden  hour”  drug  interventions. 


Closing 


World  stockpiles  of  Semtex  (plastic 
explosive)  may  be  40  kilotons. 

Estimates  of  looted  munitions  in  Iraq  are 
as  high  as  250  kilotons. 

There  is  a  lot  of  work  ahead  of  us! 


Stephen  Lawrie 

Sackler  Senior  Clinical  Research  Fellow 
Professor  of  Psychiatry  &  Neuro-Imaging 
University  of  Edinburgh 


\f:*i 


genetic  effects  ia- schizophrenia 


sMRI  systematic  reviews  in  schizophrenia 

reduced  whole  brain  volume  (by~3%  ward,  schizRes  1 996;  197-21 3) 
corpus  callosum  similarly  (woodruff,  jnnp  1995;  58: 457-61) 
reduced  hippocampal  and  amygdala  volume  (by  about  4% 

each:  Nelson,  Arch  Gen  Psych  1998;  55:  433-40) 

reduced  pre-frontal  &  medial  temporal  lobe  (MTL) 

Volumes  (Lawrie  &  Abukmeil,  Br  J  Psych  1998;172:  1 10-120) 

reduced  superior  temporal  gyrus  (STG)  &  increased 

globus  pallidus  volumes  (Wright,  Am  J  Psych  2000;  157:  16-25) 
reduced  thalamus  (Konick  &  Friedman,  Biol  Psych  2001;  49:  28-38) 


Also,  1 5  VBM  studies  consistently  find  reduced  GM  in 

MTL  and  STG  (Honea  et  al,  Am  J  Psych  2005;  162:  2233-45) 


Schizophrenia  Risks 


12.5% 
3rd  degree 
relatives 


■  25% 
2nd  degree 
relatives 


■  50% 
1st  degree 
relatives 


■  100% 

Genes  shared 


General  population 
First  cousins 
Uncles  /  Aunts 
Nephews  /  Nieces 
Grandchildren 
Half  siblings 
Parents 
Siblings 
Children 
Fraternal  twins 
Identical  twins 


17% 


48% 


I _ i _ i _ j _ i  i 

0  10  20  30  40  50 

Relationship  to  Risk  of  developing  schizophrenia 

person  with 

schizophrenia 


©  Gottesman,  2004 


sMRI  ROI  studies  of  relatives 

•  Relatives  have  smaller  MTLs  than  controls 

(Keshavan  1997  &  2002;  Lawrie  1999  &  2001;  Schreiber  1999;  Seidman  1997  &  1999  - 
but  see  McDonald  2002  &  2006) 

•  Schizophrenics  have  smaller  MTLs  than  relatives 

(Lawrie  1999  &  2001;O'Driscoll  2001;Steel  2002  -  but  see  Staal  2000,  McDonald  2006) 

•  Best  evidence  is  for  hippocampal  differences 

(Waldo  1994;Harris  2002;Seidman  2002;van  Erp  2002  -  but  see  Schulze  2003). 

•  ...  and  is  supported  by  twin  studies 

(Suddath  1990;  Baare  2001;  Narr  2002;  van  Erp  2004) 


. . .  and  g-e  risk  factor  studies 

(DeLisi  1988;  Stefanis  1999;  McNeil  2000;  Cannon  2002) 


NB  Boos  et  al  meta-analysis  (Archives  2007)  of  relatives  finds 
hippocampal  reductions  in  relatives  Vs  controls  (ES  0.3)  and 
additional  differences  between  relatives  and  patients  (ES  0.5) 


VBM 
at  T1 
in  EHRS : 

GM  deficits 
in  HR  cf 
Controls 

(Job  et  al, 
Schizo  Res 
2003) 

■' 


GM  REDUCTIONS  IN  HIGH  RISK  SUBJECTS  PREDICTS  SCHIZOPHRENIA 


Greater  reductions  in  GM 
density  between  first  two 
sMRI  scans  in  8  high  risk 
subjects  with  psychotic 
symptoms  who  went  on  to 
develop  schizophrenia,  an 
average  of  2.5  years  later, 
controlling  for  changes  in  10 
high  risk  subjects  with 
psychotic  symptoms  who  did 
not  develop  schizophrenia 

(Job  et  al  2005  Neuroimage) 


A  receiver  operator  characteristic  (ROC)  curve  analysis  of  GM 
change  in  temporal  lobes  showed  that  these  were  more  strongly 
predictive  of  schizophrenia  than  the  strongest  behavioural  and 
cognitive  predictors  (Job  et  al  2006  BMC  Medicine). 


Functional  imaging  consistently  identifies 
‘hypofrontality’  but  it  depends. . . . 


‘Hypo-’  and  ‘Hyper-’  frontalitv 

•  21  resting  PET  studies  ES  -0.64  (95%CI  -0.91  to  -0.38)  &  9  activated  studies 
overall  ES  -1.13  (-1.53  to  -0.73) 

(Zakzanis  &  Heinrichs,  JINS  1999;  5:  556-66;  see  also  Davidson  &  Heinrichs  Psych  Res  2003 

122:  69-87  and  Hill  et  al  Acta  Psychiatr  Scand.  2004  1 10:243-56.) 

•  Glahn  et  al  (*Hum  Brain  Mapp  2005  25:  60-9)  reviewed  12  N-back 
studies  to  find  DLPFC  ‘hypofrontality’  and  ‘hyper-frontality’  in  Ant. 
Cing.  &  (L)  frontal  pole 

‘Hyper-’  and  ‘Hypo-’  temporality 

•  13  SPECT  studies  show  effect  sizes  from  0.25  (superior)  to  2.0  (inferior);  6  PET 

studies  show  effect  sizes  from  0.14  (right)  to  1.3  (superior)  (Zakzanis,  Psychol  Med  2000; 
30:491-504) 

•  Achim  &  Lepage  (*Br  j  Psych  2005  187: 500-9)  examined  1 8  episodic 
memory  studies  and  found  consistent  (L)  IPFC  and  (Bi)  MTL 
reductions  in  activation 


Functional  imaging  replications  in  relatives 
-  SPECT,  PET  and  fMRI  studies 


‘Hypo-’  &  compensatory  ‘Hyper-’  frontality 

•  Berman  (1992)  -  only  Sch  twins  hypofrontal  on  WCST 

•  Blackwood  (1999)  -  36  relatives  reduced  in  (L)  IPFC  and  AC  at  rest 

•  O’ Driscoll  (1999)  -  NS  perfusion  diffs  in  17  relatives 

•  Spence  (2000)  -  NS  perfusion  diffs  in  10  ‘obligates’ 

•  Keshavan  (2002)  -  reduced  BOLD  in  DLPFC  & 
IPC  on  MGS  task 

•  Callicott  (2003)  -  (R)DLPFC  increased  BOLD 
on  matched  N-back  task 

•  Thermenos  (2004)  -  increased  BOLD  in  (L) 
DLPFC,  AC,  thalamus  &  PHG  on  CPT 

•  Whalley  (2004)  -  increased  parietal  &  reduced 
front-thalamo-cerebellar  BOLD  on  HSCT  (etc) 

•  Seidman  (2005)  -  exaggerated  fMRI  response  in 
DLPFC  on  auditory  WM 


Disconnectiyity 

Replicated  reduced  fronto-frontal  connectivity  in 
relatives  compared  to  controls  on  SPET  (Spence 
et  al,  2000)  and  fMRI  (Whalley  et  al  2005) 


CaltoUet  aLMMStwfrl) 
CuflittU  et  »L  2003  (Sludy  l) 
Seidnton  a  til.  {cumin  Li 
Tiler  ittulitt  tUL2IHI4 
k i  dm: in  H  :d.2WI3 


fMRI  under-activation  differences  in  all  high  risk  subjects  versus 
healthy  controls  (total  n  =  1 00) 


Hayling  task: 

Parametric  analysis:  increased  activation  with  increasing  task  difficulty 


Whalley  et  al  2004  Brain  127:478 


Genetic  risk  factors  for 
schizophrenia 


_ Chromosomal  Evidence  in _ Evidence  in  bipolar 

Gene/locus  location  schizophrenia  disorder 


+  + 

+  +  +  +  + 
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Craddock  et  al,  Journal  of  Medical  Genetics  2005;42:193-204 
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inference,  greater  inefficiency, 
as  performance  is  similar)  than 
Val/Met  individuals  who  have 
greater  activation  than  Met/Met 
individuals  in  DLPFC  and  AC. 
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Met/Mel  Met/Val  Val/Val 


Ohnishi  et  al  (2006)  Brain  129:399-410 

Schizophrenics  homozygous  for  the  Val-COMT  allele  (n=  19)  showed  a 
significant  reduction  of  volumes  in  the  left  parahippocampal  gyrus,  amygdala- 
uncus,  ACC,  left  thalamus  and  the  right  MTG  when  compared  to  patients  who 

carried  the  Met-COMT  allele  ( n  =  28). 


Genetic  imaging  in  the  EHRS 

HR  differences  for  parametric  contrast : 


c n  co 

> 

•2.1- 
■§2 
CO  O 

O 

0  /IN 
&  | 
CD  £ 


—  0 


CO 

"O  ^ 
CO  > 
_SZ  0 

O  CD 

0  0 
0  O 

0  "O 

=  0 
0  s_ 


o 

's_ 

0 

X 

M— 

0 

0 

o 

0 

0 

tl 

o 

o 

0 

C 

0 

_>N 

0 
-t— > 

0 

i_ 

0 
-t— > 

o 

'0 

0 

O 

c n 

D 

0 

0 

0 

> 

C 

CD 

s_ 

c 

o 

0 

C 

CD 

o 

"O 

'o 

0 

o 

O  . 

o  °? 

>N  h- 

CO  c\l 

CL  t- 

O 

CD  CD 


m 

a 

w 


• 

o 

cn 

§ 

S-H 


a> 

& 


&5 


a 

^  .5« 

O  5*3  4! 

JU  s| 
J«K1 

5  =  s -S  • 

,8  8, 

•Sp§>*!® 

tt  Is 

•ap55  '■§>* 

•«>  ®  t 
a  £J  st  a 
a  a: 

s»  I  s 


I 

,a 

a 

•»* 

"X* 

a 

•a 

.5*3 

S 

a 


a 

s 

a 

5*5 

a 

5*5 


■€• 

5 

&3 


a 


a 
*a 

a<a 

t> 


'S.eS'^M 


5*5 

a 
a 

s? 

fr 

a  ^ 

1  8 

a  a 

-a  "a 


a 

5*5' 

.a 
a 
a 
•a 

i> «» 

t* 
& 


a 

£ 

a 

a 

a 


§• 


5*3 

5*5 

a 

a 

a 

a 

a 


Oi 


8 


a 

£ 


a 


a  §  b  a 
^*a  *S  a 

a  a  ^  ^ 

5  •a  §2 

a«  I  ?■  § 

S  &£§ 

^  ^  5*3 

^  >s.  a  J*  a 
•5*  i?  a  a  ** 

a  §  .s»  § 

-a  qI^,  ^  55 
~  a  a 
•a  st  ^  ^ 

=  -Sfl  ^.5 

js  j*  a  a  *-a 

IlS^t 

^g*  !•§,!' I 

5-a.^g  a 


s  l'J 

**  ^  ^  *12 
^  rv  ?k 

ss»§j| 


feiO^S 


;i 

"a 

a 

a 

■a 

•a 

»>»* 

a 

a 

•a 

.a 


•8 

a 


a 

■a 


•a^ 

si 


s, 

§  s’ 

I  8 

i 

^  a  ^ 
C^  a 

VgW 

8-g  § 

3  §  » 

S2  a  ^ 
a  »a 

s  a  g 

a.SP*g 

*  ^a 
pa  *a 

"a  -a 
a  a 
a  „£* 


§• 

"a 

a 

5*5 

a 

8 

a 

■8 

-£• 

a 

a 

.a 

& 

.§0 

•*»*" 

5*3 


00 

r^ 

t> 


Os 

4) 

o 

a 

<D 

o 

V3 

O 

Vh 

2 

0) 

£ 

<D 

Vh 


a 

z 


a 


a 


o 

c/3 


£ 

bX) 

•  l-H 

G 

O 


o 

«  o 


<D 


3 


C/3 

a 

§ 

o 

?-H 

o 

$b 

Cj 

?-H 
+- > 

13 

S-h 

o 

C/3 

a 

o 

• 

•  i— 1 
+-> 

<L> 

f-H 

cj 

bX) 

4b 

+-> 

•  i— 1 

s. 

& 

o 

+-> 

CZ3 

j3 

w 

<L> 

bX) 

C 

•  i— 1 

bX) 

c/3 

<D 

> 

£ 

"T3 

(D 

i 

& 

>? 

cj 

a 

•  1— I 

> 

a3 

0> 

+-> 

Cj 

o 

C/3 

o 

a 

o 

i 

bX) 

•  i-H 

4b 

•  i-H 

(— i 

13 

Vh 

£ 

•  1— I 

O 

o 

C/3 

<2 

<-W 

•  i-H 

o 

4b 

O 

c/3 

•  i— i 

cd 

•  i— i 

$b 

L 

S 

"T3 

£ 

•  i— 1 

> 

0> 

"T3 

C/3 

CG 

0> 

43 

13 

o 

*-H 

o 

C/3 

Oh 

o 

<D  Cd 

N 

^ptH 

N  0-1 

a  a 

o  -r 
oo  £ 


>  cd  ^  t* 
^  fl  ^ 

°  ^  c?^ 

13  S  >  ^ 

<D  P^  £  ^3 

c3  2;  a 


patients 


LAWRIE 

JOHNSTONE 

WEINBERGER 


JJ 

i  i 

1  1 

kjt‘7r' 

C.«J 

>1 

y 

% 

r. 

•b* 

/ 

-r. 

r 

Brain  Imaging  of  Childhood  Abuse 
Related  Posttraumatic  Stress 

Disorder 


EMORY 

UNIVERSITY 


J.  Douglas  Bremner,  MD 
Emory  University, 
Atlanta,  Georgia 


For  copy  of  slides  &  disclosures 


Disclosures 


Grant  Support 

NIH:  R01  MH56120,  T32  MH067547,  K24  MH076955 

(As  co-investigator)  R01  AG026255,  R01  HL068630,  R01  HL703824, 
R01  MH068791 ,  P50  MH58922 

Veterans  Administration:  Merit  Review,  VET-HEAL  Award 

National  Alliance  for  Research  on  Schizophrenia  and  Depression  (NARSAD)  Independent 
Investigator  Award 

American  Foundation  for  Suicide  Prevention  (AFSP) 

Georgia  Research  Alliance 

GlaxoSmithKline  Investigator  Initiated  Medical  Research 

Consulting 

Novartis 

GlaxoSmithKline 
Speakers  Bureaus 
None 

Discussion  of  Off  Label  Medication  Use 


Phenytoin 


Posttraumatic  Stress  Disorder 


Intrusive  memories,  nightmares,  flashbacks,  arousal, 
avoidance,  startle,  sleep  disturbance,  gaps  in 
memory  and  concentration 

Associated  with  threat  to  life  or  other  with 
fear/horror/helplessness  (A) 

Affects  15%  of  traumatized  individuals 

1 6%  of  women  with  sexual  abuse 

8%  lifetime  PTSD  prevalence  (10%  women) 

Abuse  also  associated  with  borderline  personality 
disorder  (BPD)  and  dissociative  identity  disorder 
(DID) 


Functional  Neuroanatomy  of  Trauma  Spectrum 

Disorders 


Posterior  Cingulate, 
Parietal  &  Motor  Cortex 

7isuospatial  processing 


Sensory 

inputs 


Thlliflll 


Anterior  Cingulate,  orbitofrontal, 
subcallosal  gyrus 


Planning,  execution, 
inhibition  of  responses, 
extinction  of  fear  response^^k 


Cerebellum 


Hippocampus 


Emotional 


valence 


Motor  responses,  peripheral  sympathetic  and  cortisol  response 


Number  of  Srdlf-Jiibeled  cells 


Stress  Results  in  Decreased 
Hippocampal  Neurogenesis 


Gould  et  al  2002 


Antidepressant  Treatments  Promote 
Hippocampal  Neurogenesis 


QrtJlifl 


Cgoiirt  lit’3  TCP  KI.U  RHfl 


Duman  et  al  2002 


Wechsler  Memory  Scale  Score 

ho  ho  ( 


Verbal  Memory  Deficits  in  Childhood 
Abuse-related  PTSD 


5 


■  PTSD 
(N=21) 

*  ■  Controls 

L(N=20) 

*P<  05 


Bremner  et  al 
1997 


WMS  I  WMS  D 


Hippocampal  Volume  Reduction 
in  Childhood  Abuse-related  PTSD 


Left  Hippocampus  Right 

Hippocampus 

12%  reduction  in  left  hippocampal  volume  in  abuse-related  PTSD 


NORMAL  PTSD 

Bremner  et  al.,  Am.  J.  Psychiatry  1995;  152:973-981. 

Bremner  et  al.,  Biol.  Psychiatry  1997;  41:23-32. 

Gurvits  et  al.,  Biol  Psychiatry  1996;40:192-199. 

Stein  et  al.,  Psychol  Med  1997;27:951-959.  DeBellis  1999-no 

change  in  children  with  PTSD  T  ^  ,  n  t-  t  t  • 

J  Douglas  Bremner,  MD,  Emory  University 


Effect  Size  Estimates  for  Hippocampal  Volume  in 
Adults  with  Chronic  PTSD  Versus  Healthy  Subjects 

Pooled  meta-analysis  demonstrates  smaller  hippocampal  volume  in  PTSD 


Left  Hippocampal  Volume  (mm-3) 


Smaller  Hippocampal  Volume  in  Women 
with  Childhood  Abuse  and  Depression 


3500  -T 
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* 


MDD+Abuse  MDD-Abuse 

(N=21)  (N=11) 


Healthy  Subjects 
(N=14) 


Vythilingam  et  a!., Am  J  Psychiatry,  2002 


*p<.05 


Volume  (m: 


Smaller  Hippocampal  and  Amygdala 
Volume  in  Abused  Women  with  BPD 


Smaller  Hippocampal  Volume 
in  Abused  Women  with 
Dissociative  Identity  Disorder 


a  Significant  difference  between  groups  (p<0  05,  t  test  for  nonpaired 
samples). 


Smaller  Hippocampal  Volume  in  Women  with 
Early  Childhood  Sexual  Abuse-related  PTSD 
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■Abused  PTSD 
Abused  Non- PTSD 
■Abused  Non- PTSD 
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Left  Hippocanpus 


Right  Hippocanpus 


Failure  of  Hippocampal  Activation  with  Memory 
Encoding  in  Women  with  Abuse-related  PTSD 


Non-PTSD 

Control 


Non-PTSD 

Encoding 


PTSD 

Control 


PTSD 

Encoding 


Failure  of  Hippocampal  Activation  in 
Women  with  PTSD  Related  to  Childhood 

Sexual  Abuse 


Abused  Non-PTSD 
Women  (N=12) 


Abused  PTSD 
Women  (N=l  0) 


Increased  blood  flow  during  encoding  of  paragraph  relative  to  control  condition 
Statistical  parametric  maps  overlaid  on  MR  (z  score>3.09;  p<.001) 


Trauma  and  the  Medial 
Prefrontal  Cortex 


Medial  prefrontal  cortex  involved  in  inhibition 
of  fear  responses  in  the  amygdala  (Quirk) 

Early  stress  associated  with  decreased 
dendritic  branching  in  medial  prefrontal  cortex 
(Radley) 

Neurological  damage  associated  with  deficits 
in  emotional  responding  (includes 
orbitofrontal  cortex  and  anterior  cingulate) 


Volume  (mm- 


Decreased  Anterior  Cingulate 
Volume  in  Women  with  Abuse 

Related  PTSD 


Number  of  Replicati 


Replications  of  Findings  from 
Functional  Imaging  in  PTSD 


<d 

td 

a. 


Decreased  mPFC,  increased  amygdala, 
decreased  DLPFC  &  hippocampus 


Decreased  Blood  Flow  during  Memories  of 
Abuse  in  Women  with  Childhood  Sexual 


Abuse-related  PTSD 


R.  Hippocampus 


Subcallosal  Gyms  (Ant.  Cing.)(25) 


R.  Middle  Frontal  Gyms  (8/9) 


Visual  Ass.  Ctx.  (19) 


Decreased  Blood  Flow  During  Recall  of 
Emotionally  Valenced  Words  in  Abuse- 

related  PTSD 


Fusiform,  inferior 
temporal  gyrus 


Left 
hippocamj 


Retrieval  of 
Word  pairs  like 
“blood-stench  ” 


Medial  prefrontal 
&  Orbitofrontal 
Cortex 


I 


Decreased  Blood  Flow  with  Emotional  Stroop  in 
Abused  Women  with  and  without  PTSD 


R.  Hippocampus 


Anterior  Cingulate  (32,24) 


Abuse  Controls 


Emotional  stroop: 
say  the  color  of  the 
word  rape 
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Neural  Correlates  of  Memories  of 
Abandonment  in  Borderline  Personality 
Disorder  with  Early  Trauma 


Medial  Prefrontal 
Cortex 


Fusiform/Inf. 
Temporal  Gyrus 


Areas  of  decreased 
Blood  flow  during 
Reading  of  script 
Of  an  abandonment 
Situation  v  control 


Left 


Hippocampus 

Schmahl  et  al.,  Biol  Psychiatry  2003 


Conditioned  Fear  in  PTSD 


Pairing  of  light  and  shock  leads  to  increased 
fear  responding  and  increased  startle  to  light 
alone  (conditioned  fear) 

Conditioned  fear  and  startle  response 
mediated  by  central  nucleus  of  the  amygdala 

Failure  of  extinction  with  lesions  of  medial 
prefrontal  cortex  (inhibits  amygdala) 

Study  design-  habituation  (blue  square),  fear 
acquisition  (blue  square  +  shock),  extinction 
(blue  square);  control  day-  random  shocks 


Fear  Conditioning  in  PTSD  Study 

Design 

Blue  Squares  4  s  duration,  6  s  blank  screen 


Electric  Shocks  Paired  with 
Blue  Square  (Paired  CS-US) 


Scan  #-> 


habituation  habituation  acquisition  acquisition  extinction  extinction 
12  1  2  12 

Blue  Squares  4  s  duration,  6  s  blank  screen 


Random  Electric  Shocks  Plus 
Blue  Square  (Unpaired  CS-US) 

Scan  #“>  1  2  3  4  5  6 


habituation  habituation  sensitization  sensitization  extinction  extinction 
12  1  2  12 


Conditioned 

Fear 

Acquisition 
(Paired  CS- 
US) 


Control 

(Unpaired 

CS-US) 


Conditioned  Stimulus  (CS)=Blue  Square 
Unconditioned  Stimulus  (US)=Electric  Shock 


Panic  Attack  Symptom  Scale  (PASS)  Score 


Increased  Anxiety  Symptoms  with  Fear 
Acquisition  and  Extinction  in  Abuse-related 

PTSD 


Increased  Blood  Flow  with  Fear  Acquisition 
versus  Control  in  Abuse-related  PTSD 


Orbitofrontal  Cortex 


Left  Amygdala 


Increased  Amygdala  Activation 

in  PTSD 

•  fMRI  in  conjunction  with  fear  conditioning 

•  Neutral  faces  used  as  conditioned  stimulus 
(CS);  random  interval  between  CS 

•  Unconditioned  stimulus  (shock)  presented  at 
end  of  CS  presentation 

•  Second  group  received  unpaired  CS-UCS 


Increased  Amygdala  Activation 

in  PTSD 


0.5 


□  Left  Amygdala  BF 


Stress  Antidepressants 
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Other  neuronal 
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♦  NeurotoxinBB 
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Survival  and 
Growth 


Modifed  from  Duman. 
Heninger,  &  Nestler,  AGP 
54(7): 597-606,  1997 


Effects  of  Paroxetine  on  Hippocampal-based 
Verbal  Declarative  Memory  in  PTSD 

40  -i 


re 

o 


Effects  of  9-12  months  of  treatment  with  10-40  mg  paroxetine, 
Vermetten  et  al  Biol  Psychiatry  2003 
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Increased  Hippocampal 
Volume  with  Paxil  in  PTSD 
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O  Effects  of  9-12  months  of  treatment 
Q.  with  10-40  mg  paroxetine. 

Vermetten,  Bremner  et  al.  Biol  Psychiatry  2003. 


Brain  Circuits  in  Trauma  Spectrum 
Disorders:  Brain  Volumes 


Brain  Circuits  in  Trauma  Spectrum 
Disorders:  Brain  Function 

Amyg- 
Dala 

PTSD 

▼ 

Depression/ 

Abuse  1 

BPD  t 

▼ 

DID 


mPFC/ 
AC/  Obf 


Hippo¬ 

campus 


Conclusions 


Amygdala,  hippocampus  and  prefrontal 
cortex  mediate  symptoms  of  PTSD  and 
related  trauma  spectrum  disorders  (DID, 

BPD) 

Variations  in  interaction  of  stress  with 
individual  factors  (genetics,  etc)  mediate 
differences  in  outcome 

Future  research  needed  to  assess  similarities 
and  differences  in  trauma  spectrum  disorders 
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Summary  &  Discussion 


Description  of  patients  and  limitations 


•95%+  suffered  PHI,  generally  between 
18-25,  all  males,  all  reasonably  healthy 
prior  to  PHI,  majority  caucasion 
•Neurosurgeons  in  selected  field 
hospitals  completed  a  registry  form 
(biases  in  completing  form) 

•Can  only  study  those  who  agreed  to 
come  to  WRAMC,  NIH  or  NNMC 
•Studies  span  from  <5  years  post-injury, 
15  years  post-injury,  35  years  post-injury 


Advantages  of  studying  brain-injured  veterans 


•Pre-injury  intelligence  estimate  (AFQT)  available  [as 
is  AGCT] 

•All  healthy  prior  to  injury,  similar  education  level,  all 
young 

•Post-injury  follow-up  (military  &  VA  records)  is 

relatively  easy  to  obtain  and  there  is  a  general 

willingness  to  volunteer  for  long-term  studies  in 

order  to  help  future  injured  veterans 

•Good  test-retest  reliability 

•Can  have  direct  impact  on  veteran  health  care 


Scientific  hypotheses  and  clinical  outcomes 


•Military-related  PHI  can  provide  unique  evidence  about  both 
short-  and  long-term  neuronal  plasticity  and  recovery  of 
function/late-life  decline. 

•For  example,  studies  can  address  the  interaction  between 
PHI,  normal  age-associated  neuronal  loss,  and  dementia 
(exacerbated  decline). 

•Military-related  PHI  can  supplement  civilian  TBI  research  in 
determining  the  effect  of  HI  on  PTSD. 

•For  example,  studies  can  address  the  role  of  certain  brain 
structures  in  sustaining  or  reducing  the  effects  of  PTSD 
(amygdala,  PFC,  and  hippocampus). 
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Example  of  CT  scan  findings  in  a 
VHIS  patient. 
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Table  1  S  Comparison  of  head-inj 


Age  at  testing 

Control 

N=55 

Head-injured 

Years  of 

Control 

education 

Head-injured 

Total 

Preinjury 

intelligence 

Control 

Head-injured 

Total 

and  control  subjects  at  P3 


Mean 

Std.  Deviation 

P 

59.15 

3.873 

58.11 

2.940 

58.31 

3.155 

0.061 

14.16 

2.398 

14.20 

2.270 

14.19 

2.283 

0.922 

65.40 

22.91 

59.91 

25.54 

6078 

25.18 

0.238 

Figure  1  S  Sample  of  questions  AFQT 


A 

1.  The  boys  discovered  the  cave. 

(A)  Searched 

(B)  Found 

(C)  Enlarged 

(D)  Entered 


C 


5.  Bob  wants  to  buy  a  wagon.  He  has 
5  dollars  and  needs  5  dollars  more. 
How  much  does  the  wagon  cost  ? 

(A)  S  10 

(B)  S 15 

(C)  525 

(D)  S55 


D 
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A 

B 

C 
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Mini-Mental  State  Scores 


Controls 

Median  Score=30 

PHI 

Median  Score=29 

4.5%  had  a  score  <24  with 
greater  decline  from 
preinjury  to  P3  but  also  had 
lower  preinjury  AFQT  score 

16.57%  of  PHI  had  family  hx  of  dementia,  no  differences 
with  other  PHI  pts  based  on  MMSE,  atrophy,  or  decline  in 
AFQT  score. 


Bias:  P3  compared  to  P2  attenders  (PHI)  tended  to  have 
higher  pre-injury  AFQT  scores  and  more  total  years  of 
education. 


Correlation  with  IQ  scores:  AFQT  total  score  is  highly 
correlated  with  the  WAIS  III  Full-Scale  IQ  score  for  both 
PHI  (r=.82)  and  controls  (r=.85). 

RESULTS 

Controls:  P2 — >P3  median  decline  of  4.0 
points 

PHI:  P2 — >P3  median  decline  7.0  points 


Marginal  difference  (p=.06) 


Table  1  -  Mean  changes  in  AFQT  scores  from  preinjury  to  P3  based  on  preinjury 
AFQT  grouping  in  head-injured  subjects  only 


Preinjury 

deciles 

N 

Mean 

change 

Std. 

Deviation 

Std. 

Error 

95%  Confidence 
Interval  for  Mean 

Minimum 

Maximum 

Lower 

Bound 

Upper 

Bound 

10 

3 

6.00 

4.36 

2.52 

-4.83 

16.83 

1.00 

9.00 

2 

11 

7.00 

11.33 

3.42 

-.613 

14.61 

-7.00 

26.00 

3 

12 

1.50 

11.69 

3.37 

-5.93 

8.93 

-11.00 

29.00 

4 

16 

.75 

17.00 

4.25 

-8.31 

9.81 

-20.00 

26.00 

5 

16 

-9.31 

14.53 

3.63 

-17.06 

-1.57 

-33.00 

23.00 

6 

19 

-3.53 

24.52 

5.63 

-15.34 

8.29 

-47.00 

27.00 

7 

20 

-13.55 

20.96 

4.69 

-23.36 

-3.74 

-53.00 

15.00 

8 

27 

-13.93 

20.23 

3.89 

-21.93 

-5.92 

-57.00 

15.00 

9 

39 

-16.03 

18.33 

2.94 

-21.97 

-10.08 

-73.00 

8.00 

10 

19 

-14.12 

12.95 

2.97 

-20.35 

-7.86 

-44.00 

5.00 

Total 

182 

-8.96 

19.14 

1.42 

-11.76 

-6.16 

-73.00 

29.00 

AFQT  Decline  from  P2 


>  P3 


Predictor 

%  Variance 
Accounted  for 

Preinjury  AFQT 

12.7% 

Caudate  Involvement 

14.7% 

Left  Parietal  Involvement 

4.2% 

Hippocampal  Involvement 

4% 

Right  Amygdala  Involvement 

2% 

Right  Frontal  Involvement 

1 .8% 

Corpus  Callosum  Atrophy 

3.6% 

Genetic  Markers  (similar  incidence  in  our  sample) 


Time  Period 

Significant 

Predictor(s) 

Preinjury  AFQT 

Grin  2C,  GAD2,  DBH444,  Grin2B  (sig) 
with  COMT  2255423  and  APOe4  allele 
(marginal)  ~  18%  of  variation 

Preinjury~>Phase  2 

2  GAD  markers  and  COMT 
predicted  better  recovery  of  AFQT 
Score 

Preinjury/Phase  2 

GRIN  2A  predicted  greater  decline 

-->Phase  3 

Focal  brain  damage  protects  against  post-traumatic  stress 
disorder  in  combat  veterans 
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Abstract 
Post-traumatic 

characterized  by  recurrent  distressing  memories  of  traumatic  events.  Neuroimaging  data 
associate  PTSD  with  abnormalities  in  ventromedial  prefrontal  cortex  (vmPFC), 
amygdala,  and  hippocampus,  but  the  direction  of  causality  is  unclear.  To  investigate  the 
causal  relationship  of  neuropathology  and  PTSD  symptomology,  we  used  a  unique 
sample  of  Vietnam  War  veterans  who  suffered  brain  injury  and  emotionally  traumatic 
events  to  identify  brain  areas  where  damage  affected  the  subsequent  development  of 
PTSD. 
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Table  S 1 .  Participant  data  at  time  of  Phase  3  clinical  evaluation.  For  N/ge,0 


FEducation, Oand  FMMSE,Omean  values  are  given  with  standard  deviations  in 
parentheses.  N/geOrefers  to  years  at  the  time  of  SCID  administration.  FSex  (%  male)Ois 
the  percentage  of  male  subjects.  FRace  (%  CaucjOis  the  percentage  of  Caucasian 
subjects.  FMMSEOis  the  Mini  Mental  State  Examination  ( 8 ),  a  test  of  basic  cognitive 
function.  Any  score  over  25  (out  of  30)  is  effectively  normal. 


Group 

Age  in 

Vietnam 

% 

Drafted 

AFQT 

(%ile) 

AFQT 

Change 

Combat 

Exposure 

Combat 

Exposure 

(%  high) 

Amygdala 

20.4 

(2.2) 

50 

65.6 

(28.1) 

-15.2 

(23.9) 

3.9 

(1.6) 

64 

vmPFC 

20.3 

(3.1) 

36 

55.0 

(22.6) 

-9.7 

(17.9) 

3.2 

(0.8) 

43 

Non-vmPFC/ 

non-amygdala 

20.6 

(2.9) 

31 

61.3 

(25.9) 

-8.2 

(19.0) 

3.3 

(1.1) 

58 

No  brain 

damage 

20.6 

(3.1) 

52 

65.4 

(22.9) 

3.9 

(14.5) 

2.6 

(1.2) 

33 

Group 

Reexperience 

Avoidance/Numbing 

Hyperarousal 

Amygdala 

1.40 

1.07 

1.13 

vmPFC 

2.08 

1.87 

1.92 

Non-vmPFC/Non-amygdala 

2.40 

2.29 

2.16 

No  brain  damage 

2.63 

2.77 

2.31 

Fig  2  .  vm  PFC  group  lesion  overlap  map.  The  color  indicates  the  number  ofv  e  tera  ns  in 
thevmPFC  group(  n=40  )  w  ith  da  m  age  to  a  given  voxel.  The  grea  test  lesion  overlap  (red) 


had  exclusively  or  pred  ominantly  leftvmPFC  lesions,  and  eleven  had  exclusively  or 
pred  omi  nantly  righ  t  vm  PFC  les  ions.  Of  the  se  ven  vm  P  F  C  pa  tients  w  ho  de  veloped 
PTSD  ,  tw  o  had  b  il  a  tera  1  vm  PFC  les  io  n  s,  two  h  ad  e  x  c  lus  iv  ely  or  pred  omi  nantly  left 
vmPFC  lesions,  and  three  had  exclusively  or  pred  ominantly  right  vm  PFC  lesions. 


o  ccurs  in  th  e  an  ter  io  r  v  m  P  F  C  b  il  atera  11  y  .  T  op  row  :  Sag  itt  a  1  v  iews  of  the  vmPFC  group 
les  ion  overlap.  The  lefthemi  sphere  (x=-8)  is  on  the  le  ft;  the  right  h  emi  sp  h  ere  (x  =6  )  is  on 
the  right.  Middlerow:  Coronal  v  iews  of  a  h  ea  1th  y  adu  It  b  ra  in  .  S  li  ces  are  arra  n  ge  d  w  ith 
the  anter  ior-m  o  st  s  li  ce  on  the  left(y=66  ;  y=56;  y=46  ;  y=36  ;  respec  tively).  B  otto  m  row: 

Coronal  v  iews  of  the  vmPFC  g  ro  up  les  io  n  o  v  er  lap,  c  o  rresp  o  n  d  in  g  t  o  the  s  li  ces  in  th  e 


Fig  3.  Lesion  overlap  maps  for  the  amygdala  and  amygdala  comparison  groups.  The 
color  indicates  the  number  of  veterans  with  damage  to  a  given  voxel.  Top  row:  Coronal 
views  of  a  healthy  adult  brain.  Slices  are  arranged  with  the  anterior-most  slice  on  the  left 
(y=14;  y=8;  y=2;  y=-4;  respectively).  Middle  row:  Coronal  views  of  the  amygdala  group 
lesion  overlap.  Bottom  row:  Coronal  views  of  the  amygdala  comparison  group  lesion 
overlap.  Slices  in  the  middle  and  bottom  rows  correspond  to  the  top  row.  The  overlap 
maps  are  similar,  except  for  the  medial  anterior  temporal  area  containing  the  amygdala, 
which  is  damaged  in  the  amygdala  group  but  intact  in  the  amygdala  comparison  group. 
Of  the  fifteen  amygdala  patients,  seven  had  damage  to  the  left  amygdala  and  eight  had 
damage  to  the  right  amygdala. 


Memory  Test  scores  of 
Veterans  w/o  PTSD  are 
within  normal  limits 


WMS-III  Test 

Score 

General 

Memory  Index 

97.2(17.3) 

Auditory 

Delayed 

100.2  (16.4) 

Visual  Delayed 

94.6(19.0) 

Verbal  Paired- 
Associates 

16.5  (9.3) 

Tables 


Table  1.  PTSD  prevalence.  Veterans  are  grouped  based  on  the  presence/location  of  brain 
damage.  A  chi-square  frequency  analysis  of  the  three  groups  of  brain- injured  veterans 
indicates  a  significant  effect  of  lesion  location  on  PTSD  prevalence  (x  =14.7;  p=.0006). 
p-values  for  individual  pairwise  comparisons  are  given  in  the  text  and  summarized  in 
Table  S3.  Chi-square  tests  are  used  for  pairwise  comparisons  if  there  are  at  least  five 
individuals  with  (or  without)  PTSD  diagnosis  in  both  groups;  if  not,  FisherQ  exact  test  is 


Pairwisecmparison 

p-value 

Am)gdda  vs.  No  bran  damage 

0.0005 

Am)gdda  vs.  Non-vrnPFC/hon-am)gdda 

0.001 

vmPFC  vs .  No  brain  damage 

0.002 

vmPFC  vs.  Non-vmPFC/hon-am}gdda 

0.009 

Am)gdda  vs.  Non-am)gdda  temporal 

0.01 

vmPFC  vs.  Am)gdda 

0.09 

Non-am)gdda  temporal  vs.  No  bran  damage 

0.17 

Non-vmPFC/hon-am)gdda  vs.  No  brain  damage 

0.31 

Non-am)gdda  temporal  vs.  Non-vmPFC/hon-anygdda 

0.45 

Brain  damage 

PTSD  prevalence 

Amygdala 

0% 

vmPFC 

18% 

non- vmPFC/non- Amygdala 

40% 

No  brain  damage 

48% 
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Summary  &  Discussion 


Summary 


•The  effects  of  lesions  are  persistent  with 
most  causing  impairments  but  occasionally 
they  can  be  considered  protective  (PTSD). 
•Evidence  for  late  life  exacerbated  decline  is 
accumulating. 

•Excellent  patient  group  for  answering  some 
basic  questions  in  cognitive  neuroscience. 
•The  act  of  answering  those  questions  can 
lead  to  changes  in  how  brain-injured  patients 
are  cared  for. 


Discussion 

•Continued  research  on  simple  long-term  outcomes 
(e.g.,  working  or  not). 

•Continued  research  on  specific  social  cognitive 
outcomes  (e.g.,  obeying  social  rules  concerned  with 
politeness)  that  help  predict  simple  outcomes. 
•Continued  research  on  savings  to  society  (health 
care  and  other  costs)  by  studying  and  treating  this 
pt  population. 

•Continued  study  of  neuroplasticity  &  aging  effects 
(recovery  of  function,  exacerbated  decline, 
incidence  of  early-onset  dementias)  brain-injured 
Vets  (female  military  HI). 

•Similar  studies  of  pure  blast  injuries. 


Management 

&Technology 

Consultants 


Disruptive  Innovation  in 
Information  Technology 
The  Role  of  "Search" 

Michael  L.  Cowan  MD, 

Chief  Medical  Officer, 

BearingPoint,  Inc. 


Health 


Innovation:  Disruption  Executive 
Summary 


BearingPoint 


Healthcare  Industry  IT  Issues 

■  Cost,  Quality  &  Access 

Health  Information  Technology 

■  Age  of  Software 

Potential  for  Disruption 

■  Age  of  Networks 
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U.S.  Healthcare  Spending 


BearingPoint 


United  States 
Switzerland 
Germany 
Fra  nee 
Sweden* 
Denmark 
Italy 
Britain 
Japan* 
EU  Avg* 


0 


Total  Health  Spending  as  %  of  GDP,  2003 
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Medical,  Medication  and  Lab  Errors 


BearingPoint 


Percent  reporting  medical  mistake,  medication  error,  or  lab  error  in  past  two  years 


UK=United  Kingdom;  GER=Germany;  NZ=New  Zealand;  AUS=Australia;  CAN=Canada;  US=United  States. 

Data:  Analysis  of  2005  Commonwealth  Fund  International  Health  Policy  Survey  of  Sicker  Adults;  Schoen  et  al.  2005a. 


Source:  Commonwealth  Fund  National  Scorecard  on  U.S.  Health  System  Performance,  2006 
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Duplicate  Medical  Tests, 
Among  Sicker  Adults,  2005 


BearingPoint 


UK=United  Kingdom;  NZ=New  Zealand;  CAN=Canada;  AUS=Australia;  US=United  States;  GER=Germany. 

Data:  Analysis  of  2005  Commonwealth  Fund  International  Health  Policy  Survey  of  Sicker  Adults;  Schoen  et  al.  2005a. 


Source:  Commonwealth  Fund  National  Scorecard  on  U.S.  Health  System  Performance,  2006 
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Mortality  Amenable  to  Health  Care 


Bearing  Point 


Deaths  per  100,000  population* 


International  variation,  1998 


129  130  132 


*  Age-standardized  death  rates,  ages  0-74;  includes  ischemic  heart  disease.  World  Health  Organization,  WHO  mortality  database 
(Nolte  and  McKee  2003); 


Source:  Commonwealth  Fund  National  Scorecard  on  U.S.  Health  System  Performance,  2006 
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Consumer  Views  of  U.S.  Healthcare 


BearingPoint 


20%  Satisfied  with  the  Cost 

■  Average  cost  of  employer  sponsored 
insurance:  $11,765 

■  Employee  contribution  $3,226 

44%  Satisfied  with  the  Quality 

■  90%  satisfied  with  own  providers 


Survey  by  USA  TODAY,  ABC  News,  and  Kaiser  Family 
Foundation,  September  2006 
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Current  Status:  Importance  of 
Information  Technology  -  Cost  &  Quality 


BearingPoint 


"We  have  repeatedly 
performed  the  definitive 
experiment  and  conclusively 
proven  that  paper  based 
Health  Records  cannot 
support  the  complex 
information  requirements  of 
Modern  Healthcare." 
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Current  Status:  HIT  in  U.S.  Health  Care 


BearingPoint 


Sweden 
Netherlands 
Denmark 
United  Kingdom 
Finland 
Austria 
Germany 
Belgium 
Italy 
Luxembourg 
Ireland 
Greece 
United  States 
Spain 
France 
Portugal 


0% 


20% 


40% 


60% 


80% 


100% 


Source:  Laura  Adams,  President  and  CEO,  Rhode  Island  Quality  Institute 
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Disruptive  Era  "A  TRIP  TO  THE 
WOODSHED" 

April  2004:  Bush  promised  EHRs  for  all 
Americans  in  10  years 

■  Established  ONC  HIT 

—  No  comparable  office  elsewhere 

■  Resulting  Acronym  Blizzard 

-  NHIN 

-  RHIOs 

-  HIE 

-  EHR 

-  PHR 
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3  Years  Later:  Progress  Has  Been  Slow 


BearingPoint 


EHR  usage  study  shows  slow  progress  toward  Bush's  2014  goal 
Healthcare  IT  News 
By  Diana  Manos,  Senior  Editor 
10/11/06 

■  WASHINGTON  -  Findings  released  Wednesday  from  a  first-ever, 
comprehensive  study  on  the  use  of  electronic  health  records  in  the 
United  States  revealed  that  24.9  percent  of  physicians  use  some  form 
of  loosely  defined  EHRs,  although  fewer  than  10  percent  employ  what 
researchers  define  as  "a  system  most  likely  to  benefit  patient  care." 


■  The  81-page  report,  Health  Information  Technology  in  the  United 
States:  The  Information  Base  for  Progress,  also  showed  that  only 
5  percent  of  hospitals  use  computerized  physician  order  entry  (CPOE) 
systems,  an  indicator  of  EHR  adoption  in  the  in-patient  setting. 
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The  Myths  and  Realities  of  RHIOs 


Bearing  Point 


To  date,  there  is  little  evidence  that  efforts 
have  been  able  to  demonstrate  ongoing  sustainability.  In  fact,  FCG 
has  found  only  two  RHIOs  that  even  claim  to  have  a  sustainable 
business  model.  One  of  the  biggest  problems  is  that  while 
providers  typically  pay  for  the  technology,  the  majority  of  benefits 
associated  with  health  information  exchange  accrue  to  consumers, 
health  plans,  or  employers.  Without  the  participation  and 
cooperation  of  all  stakeholders  (especially  those  who  actually  reap 
the  benefits],  any  business  model  quickly  falls  apart. 


From:  FCG  Executive  Series 
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Inducing  Change: 

The  Case  for  Disruption 


BearingPoint 


"We  can't  solve  problems  by  using  the  same  kind  of 
thinking  we  used  when  we  created  them." 


-  Albert  Einstein 
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Another  Alternative: 
Disruptive  Innovation 


BearingPoint 


Disruption:  a  technological  innovation,  product,  or 
service  that  eventually  overturns  the  existing 
dominant  technology  or  product  in  the  market. 


-  Wikipedia 
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Performance 


Natural  History  of  Disruptive  Innovation 


BearingPoint 
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Examples  of  Disruptive  Innovations 


BearingPoint 


Healthcare 

■  Pregnancy  Testing 

■  Nurse  Practitioners 
Technology 

■  Desktop/GUI  \ 

r 

■  Internet  \ 

1 

■  Digital  Cameras  c 

■  E-Mail 

■  Search  Engines 
Others 

■  Toyotas 

■  IEDs  and  Suicide  Bombers 


1_ I_ I_ I 

Time 
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Characteristics  of  Industries 
for  Disruption 


Ripe 


BearingPoint 


Industry  Exceeds  Requirements  (Overshoot) 

■  Complexity  and/or  expense  exceeds  user  needs 
Industry  Fails  to  Meet  Minimum  Requirements  (Undershoot) 

■  Cost  &  Quality  &  Convenience 
Asymmetries  and  Non-consumers  (Dropouts) 

■  Potential  Users  Opt-out 

■  Variable  Value 
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Is  Healthcare  Industry  Ripe  for 
Disruption? 


BearingPoint 


Healthcare  Overshoots:  Industry  Focus  on  high-end  complex  interventions 

■  Expensive  Infrastructure 

Healthcare  also  Undershoots:  Difficult  Navigation  for  Routine  Care 

■  Earache 

Asymmetries  and  Non-consumers 

■  43  million  uninsured 

■  $100B  expenditures  on  alternative  medicine 
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Health  Information  Technology  Industry: 
"In  Desperate  Need  of  Disruption" 


BearingPoint 


HIT  Overshoots:  Complexity 

■  Semantic  Integration  of  Proprietary  Systems  and  Data 

■  Complex  HIT  Systems  on  Unprecedented  Scale 
HIT  also  Undershoots  the  end-user 

■  EHR 

—  Productivity  and  training  costs 
—  Changes  in  business  and  practice  procedures 

Non-Consumers  Opt  Out 

■  Hospital  CPOE  use  ~27% 

■  Small  group  and  solo  office  practice  EMR  ~25% 

—  75%  don't  use  EMR  and  have  no  plans  to  ever  do  so... 
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Organizing  Principles: 
Telephone  Directories 


BearingPoint 


First  Telephone  Book 

Alexander  Graham  Bell  was  granted  a  patent  on  his  telephone  in  1876.  He  demonstrated  it  to  visitors  to  the  Philadelphia  Centennial  E 
same  year.  In  early  1878,  he  installed  the  first  telephone  exchange,  in  New  Haven,  Connecticut.  The  first  telephone  "book"  -  actually^ 
cm.  x  21  cm.  sheet  -  was  issued  in  New  Haven  in  1878.  Below  is  a  1978  facsimile  of  that  sheet.  To  the  right  is  the  same  text,  suitable 
searching. 


LIST  OF  SUBSCRIBER! 

fit  Jim  jjirtriflt  fcijiiy, 

orrr?M  tia  cea&se  street 


Ffifrr-utrj  SI.  iM*, 
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LIST  OF  SUBSCRIBERS. 

New  Haven  District  Telephone  Company. 

OFF1CB  219  CHAPBL  STRFBT. 

February  21, 1878. 

Residences. 

Stores,  Factories,  &c. 

Rev.  JOHNE.  TODD. 

0.  A.  DORMAN. 

J.  B.  CARRINGTON. 

STONE  &  CHIDSEY. 

H.  B.  BIGELOW. 

NEW  HAVEN  FLOUR  CO.  State  St. 

C.  W.  SCRANTON. 

. Cong.  ave. 

GEORGE  W.  COY. 

"  "  "  11  Grand  St. 

G.  L.  FERRIS. 

.  Fair  Haven. 

H.  P.  FROST. 

ENGLISH  &MERSICK. 

M.  F.  TYLER. 

Nev  Haven  FOLDING  CHAIR  CO. 

I.  H.  BROMLEY. 

H.  HOOKER  &  CO. 

GEO.  E.  THOMPSON. 

W.  A.  ENSIGN  &  SON. 

WALTER  LEWIS. 

H.  B.  BIGELOW  &  CO. 

C.  COWLES  &  CO. 

Physicians. 

C.  S.  MERSICK  &  CO. 

Db.  E.  L.  R.  THOMPSON. 

SPENCER  &  MATTHEWS. 

Db.  A.  e.  winchell. 

PAULROESSLER 

Db.  C.  S.  THOMSON,  Fair  Haven. 

E.  S.  WHEELER  &  CO. 

ROLLING  MILL  CO. 

Dentists. 

APOTHECARIES  HALL. 

Db..  E.  S.  GAYLORD. 

E.  A.  GESSNER. 

Db.  R.  F.  BURWELL. 

AMERICAN  TEA  CO. 

Miscellaneous. 

Meat  &  Fish  Markets. 

REGISTER  PUBLISHING  CO. 

W.  H.  HITCHINGS,  City  Market. 

POLICE  OFFICE. 

GEO.  E.  LUM, 

POST  OFFICE. 

A.  FOOTE  &  CO. 

MERCANTILE  CLUB. 

STRONG,  HART  &  CO. 
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Information  Management  Organizing  Principle: 
The  Lesson  of  Telephone  Books 


BearingPoint 
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Information  Management: 

Organizing  Principle  -  System  Integration 
Telephone  Books 


BearingPoint 


LIST  OF  SUBSCRIBERS. 

few  fattu  jjteimt  JiSapliDiui  flraijiif, 

fjF-F  It J  X  vs/T  Cffo iPsS  ST  HE  ST 


FtUfMij  ie?e. 


J BuUmh 

-P-L 

fr*r  JOlLK  tl  TU«h 

M>-  A  DTjHIAK. 

J  JL  CAERCHGTOIT 

flTOTO  A  ClljUBXY. 

IS  U  HIEJB1XIW 

K  iw  IE^  tTES?  FLOOR  Qb  fwn  !h 

■C.  T_MRAlf™. 

*  V^|U1. 

ott 

“  *  “  -HhM  fi 

4.  L  >  th:niru 

“  "  4  Fir  hLk-H. 

It  F.  FBtftr 

FHCIM  A  talHUliTPC. 

h  j.  nun. 

El.  HIP  FPLDlitfU  Lti.4.1  II  LVi 

1  H  WHOM  LEY. 

ft  H-lh^KLh  *  to 

C1IVJ  K  TIKHTPSTiV 

W  a  ROTI5F4BDJI.. 

Wa"  T'!R  L KWli 

It  H  £Iuelow  *00 

t  LR  -nHcnirHhH 

Di.  A  £  T¥1*'lU:£LL 

Pl  C.  R  mtBtHf.  Fwr  H™ 

f  «J  W  LW  A  * 

£.  B  JCUEHII  K  *  oa 

£FEK£EH  *  XAmnewA. 

I'Anr.  iwwtftLBL 

iL  t  WtilJEl.ER  4  QTi 

J~- w  i  j  h  p. 

IHttPft  RILL  Lij. 

Pi  i  s  GjiTrDnn 
di  h_  r.  frilhwlLl. 

'  AimillCIAILH?  ItALL 

E  A  Otf^KUK 

AM  EILITA'M  Ttl* 

REHEFEK  ri.  aiJHHKf-i.-w- 
nriJtlE  uFPflCL 

™t  office 

MEin  A.KTLI.liL  CUJ£ 

QLiDTHiruo  cll'El 

.Hji  d  jL‘hi  .H1, 

W  sr.  BrrcmTfig?LCH>- Mutoi. 
T-BO.  L  LL  si, 

JL  Iamjte  *  CO. 

FTFLOKb  HAlCT  a  to 

F.  V  Hrpn^ipEJV.  m— 

AEj-J-  -a-d  jR-T-ardiij  Yn^in 

HHkULEh-  6H>jH  *  Ob, 

CftlTTGH  BEK  A  omn 

It  F.  r  VLEB.  Imp  IKrrin 

■ATIEXIL  4  HANKOH 

G-ftflftfl  cipan  t n:m  ft  A  M  !p.  £  A.  ht 

Afevr  Mo  1*L  ihip  Ollk  *  -AfILI  ba  k  :jdi-_  p|j  m^hL 


©  2007  BearingPoint,  Inc. 


HEALTHCARE 


22 


Search  Applied  to  Crossword  Puzzles 


BearingPoint 


■||  hermonica  virtouso  larrey  -  Google  Search  -  Microsoft  Internet  Explorer  provided  by  BearingPoint 


File  Edit  View  Favorites  Tools  Help 

4^  Back  -  =t>  -  3  @  I  ® Search  ^Favorites  ^Media  @  |  1^-  dB  T  S  &  M 

Address  |  bj  http :  Hwww .  google .  com/search?hl=en&q=hermonica+virtouso+larrey 


Google  i 


Web  Images  Groups 
hermonica  virtouso  larrey 


Web 


Search 


Advanced  Search 

Preferences 


Did  you  mean:  harmonica  virtuoso  iarry 


No  standard  web  pages  containing  all  your  search  terms  were  found. 

Your  search  -  hermonica  virtouso  larrey  -  did  not  match  any  documents. 
Suggestions: 

•  Make  sure  all  words  are  spelled  correctly. 

•  Try  different  keywords. 

•  Try  more  general  keywords. 

•  Try  fewer  keywords. 


^Jn]x] 


^  |  (j^Go  Links 


Sign  in  — 


Google  Home  -  Advertising  Programs  -  Business  Solutions  -  About  Google 
©2006  Google 


w 


0  Internet 


ji^  Start  1 1  I  [0]  Inbox  -  Microsoft  Outlook  |  ^_]GovtHIT 


|  [tj  hermonica  virtouso  la.. 


|  gjMy  [ 


&  &  n  n  1^1  a 


10:01  AM 
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Search  Applied  to  Crossword  Puzzles 


BearingPoint 
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Enterprise  Search  Solutions: 
Native  Capability 


BearingPoint 


•  Application  Adapters 

■  Enhanced  Security 

■  XML  Transformer 


/I 


] 


i 


SEARCH 

*  Crawling 

ENGINE 

■  Indexing 

*  Serving 

SEARCH  ENGINE 
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Enterprise  Search  Solutions: 
Native  Capability 


BearingPoint 
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Enterprise  Search  Solutions  Enabled  by 
Software  Adapters:  "  |  " 


BearingPoint 


^4,4  4  4  4  4^4 


•  Application  Adapters 
■  Enhanced  Security 

•  XML  Transformer 


BearingPoint  Extension  Platform 

i 

SEARCH 

*  Crawling 

ENGINE 

*  Indexing 

*  Serving 

SEARCH  ENGINE 

BEARINGPOINT  ENTERPRISE  SEARCH  SOLUTION 
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Anonymous  Observation  on  a  New 
Technology 


BearingPoint 


"That  it  will  ever  come  into  general  use,  not 
withstanding  its  value, 
is  extremely  doubtful  because  its  beneficial 
application  requires  much  time  and  gives  a  good  bit 
of  trouble,  both  to  the  patient  and  to  the 
practitioner..." 


©  2007  BearingPoint,  Inc. 


HEALTHCARE 


28 


Anonymous  Observation  on  a  New 
Technology 


BearingPoint 


"That  it  will  ever  come  into  general  use,  not 
withstanding  its  value, 
is  extremely  doubtful  because  its  beneficial 
application  requires  much  time  and  gives  a 
good  bit  of  trouble,  both  to  the  patient  and 
to  the  practitioner..." 
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Health  IT  Innovation  References 


BearingPoint 


■  Healing  the  800  Pound  Gorilla:  Excerpted  from  "Seeing  What's  Next:  Using  the 
Theories  of  innovation  to  Predict  Industry  Change,"  C.  M.  Christensen  et  al, 
Harvard  Business  School  Press 

■  Your  Money  or  Your  Life,  David  Cutler 

■  Saving  Money  Saving  Lives,  Newt  Gingrich 
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Technology  and  Challenges 
for  Minimally  Invasive  Spine  Interventions 


Kevin  Cleary,  PhD 

Imaging  Science  and  Information  Systems  (ISIS)  Center 
Georgetown  University,  Washington,  DC,  USA 


2007 

IBMISPS 

Washington 

DC 


CAIMR 

Georgetown  University 


Overview 


•  Instrument  tracking  and  robotically  assisted 
instrument  placement  can  enable  minimally 
invasive  spine  procedures 

•  Several  example  systems  will  be  presented 

-  Electromagnetic  tracking  for  vertebroplasty 

-  Medical  robotics  for  pedicle  screw  placement 

•  The  integration  of  these  technologies  with 
intra procedure  imaging  may  open  new 
possibilities  in  minimally  invasive  spine 
procedures 


CAIMR  Lab 


Slide  2 


Georgetown  University 


Electromagnetic  Tracking 


Georgetown  University 


CAIMR  Lab 
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Courtesy  of  Northern  Digital  Inc. 


tyWM 


U  t!  H  - ”=J? 


1  Hfl 


igation 

screen 


Tracked 

instrument 


IR2010 


•  Interventional  Radiology  2010 

•  “One-stop  shopping”  -  combine 
diagnosis  and  therapy 

•  3D  navigation  based  on  rotational 
angiography  and  electromagnetic 
tracking  of  instruments  and  anatomy 


CAIMR  Lab 


Slide  7 


Georgetown  University 


Medical  Robotics 


•  Lots  of  popular  press  but  very  little 
clinical  use 

•  Two  market  leaders 

-  CyberKnife  by  Accuray 

-  Da  Vinci  by  Intuitive  Surgical 

•  Several  prototype  systems  for  pedicle 
screw  placement 


CAIMR  Lab 


Slide  8 
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Pedicle  Screw  Insertion 


Parallel  robotics 
mechanism  holds  screw 
guide 

Procedure  is  monitored 
using  ultrasound 

Developed  by 
Fraunhofer  Institute  for 
Biomedical  Engineering 
(IBMT)  in  Germany 


From  BBC  news 

http://news.bbc.co.Uk/2/hi/health/672815.stm 


CAIMR  Lab 
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Spine  Assist  Robot 


•  Miniature  robot 


rrom  opineMssisi  Drocnure 
http://www.mazorst.com/ 


that  attaches 
directly  to  spine 

Provides  guidance 
for  vertebral 
procedures 

Interfaces  with  C- 
arm  imaging 


CAIMR  Lab 
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Surgical  Planning  Laboratory 
Brigham  and  Women’s  Hospital 
Boston,  Massachusetts  USA 


a  teaching  affiliate  of 
Harvard  Medical  School 


MONITORING  TUMOR  GROWTH 


•  Ron  Kikinis,  M.D., 

Professor  of  Radiology,  HMS 

•Kilian  Pohl,  Ph.D., 

Instructor  in  Radiology,  HMS 


Founding  Director,  Surgical  Planning  Laboratory,  Brigham  and  Women’s  Hospital 

Principal  Investigator,  National  Alliance  for  Medical  Image  Computing  (a  National  Center  for  Biomedical  Computing,  part  of 
the  Roadmap  Initiative),  and  Neuroimage  Analysis  Center  (a  NCRR  National  Resource  Center) 

Research  Director,  Image  Guided  Therapy  Program,  Brigham  and  Women’s  Hospital 


The  Problem 

1 st  Scan 


2nd  Scan 


Has  this  tumor  grown? 
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Objectives 


•  Meningiomas  are  often  monitored  without  surgery 

•  Growth  is  slow  and  difficult  to  assess  by  visual 
inspection  of  consecutive  scans 

•  We  developed  a  software  to  aid  in  the  assessment  of 
consecutive  scans  in  subjects  with  brain  tumors. 
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Imaging 


Developed  a  protocol  that  is  compatible  with 
clinical  work  and  can  be  used  for  image  analysis 

-  AX  3D  SPGR  T1  POST 


Voxel  dimension:  0.94mm  x  0.94mm  x  1 ,20mm 
FOV:  240mm  Matrix:  256  x  256 
Slice  Thickness:  1.2mm 
Scan  time:  8  mins 
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Prototype  User-Interface 


Interface  in  3D  Slicer  is  based  on  workflow  technology 
Step  1 :  Select  first  scan 
Step  2:  Define  tumor  region 
Step  3:  Segment  tumor 
Step  4:  Select  second  scan 
Afterwards,  the  tool  automatically 
detects  any  growth  in  the  tumor 

The  procedure  is  completed  in  less  then  5  minutes 
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Preliminary  Results:  Cerebellar  Metastasis 


Scan  1  Analysis  Scan  2 
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1 .  Step  of  Workflow 


Select  Tumor  Region  in  1st  Scan 


Simple  mouse  click 
around  the  tumor 
defines  region 


Define  ROI 

Sample  Show 

Reset 

OK 
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2.  Step  of  Workflow 


Semi-automatic  Segmentation 


The  state  of  the  art 
semi-automatic  segmentei 
is  calibrated  by  simply 
moving  a  slider 


Segment  Tumor  (120)  j  OK 
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3.  Step  of  Workflow 


We  combine 
global  with 
local  rigid 
registration 


Register  2nd  to  1st  Scan 
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4.  Step  of  Workflow 


Show  and  Measure  Growth 


No 

Change 


Growth 
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Detecting  Growth  in  Metastatic  Tumor 


Scan  1 


Overlap  Scan  2 
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Number  of  Cases  Acquired 


The  data  base  consists  of 


•  5  meningioma  and  1  metastatic  tumor  case 
with  1  scan  using  our  protocol  (BTS) 

•  2  metastatic  cases  with  BTS  scans  at  2 
time  points 

•  1  meningioma  case  with  3  BTS  scans 

•  ~50  cases  acquired  with  other  protocols 
were  used  in  evaluation  of  the 
segmentation  algorithms 
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Outreach 


•  Further  Validate  tool 


•  Make  software  available  for  download 

as  part  Of  3D  Slicer  (www.slicer.org) 


•  Outreach  event  with  hands  on 
training  during  the  6th  International 
Congress  on  Meningioma: 


http://www.themeningiomaconference2008.org/ 
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Phrenology 


Neurons 


Red  or  Blue  Dots  in  certain  brain  regions 


termed 

, Activation"  or  Reactivation" 


THATSALL  ????? 


Red  or  Blue  Dots  in  certain  brain  regions 
termed 

, Activation"  or  Reactivation" 

THATS  ALL  ????? 


Is  brain  function  "explained"  by  combinations 
(patterns)  of  activation/deactivation  ? 


Red  or  Blue  Dots  in  certain  brain  regions 
termed 

, Activation"  or  Reactivation" 

THATS  ALL  ????? 


Do  neurons  fire  more? 
Is  firing  synchronized? 
Excitation  or  I  nhibition? 


Two  Separate  Worlds? 


Noninvasive 
Human  fMRI 


Invasive 

Basic  Electrophysiology 


or 


????? 


are  there  ways  to 
integrate 


fMRI  into  fundamental  neuroscience 


Berlin,  May  21 , 2007 


Aim 

Adding  physiological  meaning  to  fMRI 

"Motto" 

"From  Gall  to  Cajal" 
Approach 

Multimodal  Imaging 


Model  System 

fMRI  during  Electrical  Stimulation  of  Single  Finger 


Taskin  et  al.  2006,  Cerebral  Cortex 
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Neurophysiological  Events 
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Experimental  Designs  in  fMRI 
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Experimental  Designs  in  fMRI 
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-  Stable  baseline  or  with  stochastic  fluctuations  (noise) 

-  Stimulation  independent  of  baseline  fluctuations 


Experimental  Designs  in  fMRI 


Rest  Stimulation 

Block 

Design  _ 


Event  Event  Event  Event  Event 

Related 

Design _ 

hi plio't  assumptions 

-  Stable  baseline  or  with  stochastic  fluctuations  (noise) 

-  Response  to  Stimulation  independent  of  baseline  fluctuations 

Both  assumptions  wrong /controversial 

(Maceig  et  at.  Science  2002) 


The  "Resting  State"  in  the  Occipital  Cortex 
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The  "Resting  State"  in  the  Occipital  Cortex 


Are  fluctuations  of  background  rhythms 

associated  with  a 


vascular  (BOLD)  response  ? 
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Random  effects  N=14 
p<0.001  uncorrected 

Moosmann  et  al. 
2003  Neuroimage 


POSITIVE  correlations  of  Alpha-Power  and  BOLD-Signa 


T  value 


Interleaved  EEG-fMRI 
Fixed  effects  N=6 
p<0.001  uncorrected 


Continuous  EEG-fMRI 
Random  effects  ISM  4 
p<0.001  uncorrected 


Moosmann  et  al. 
2003  Neuroimage 


Model  of  Alpha  Rhythm  Generation 
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Background  Rhythms  in  Somatomotor  System 


fMRI-Correlates  of  Different  Background  Rhythms 


1  Negative  BOLD  signal 


Pericentral  Beta 


Pericentral  Alpha 


Positive  BOLD  signal 


r  nplitude  of  Prestimulus  Pericentral  Alpha  Rhythm 
M f  determines  Detection  of  Somatosensory  Stimulus 


Target  Mask 


left  right 


alpha 


Contrast  of  Prestimulus 
Pericentral  Alpha  Rhythm 
„Missed  versus  Detected" 


Ip  <  0,01  corr. 
p  <  0.05  corr. 
p  <  0.005 

p<0.01 
p  >=  0.01 


Schubert  et  al.  2007 


fMRI-Correlates  of  Different  Background  Rhythms 


Posterior  Alpha 

right 


Summan  Towards  Definition  of  a 
Resting  State  with  Functional  Imaging 


Simultaneous  fMRI-EEG  allows  for  assessment  of  brain  areas 
involved  in  background  rhythms 

Pattern  emerging  for  Alpha/Beta  idle  rhythms  : 

-  (Widespread)  Cortical  "Deactivation" 

-  Cingular  and  ..Subcortical  "Activation" 

Interaction  between  background  and  evoked  activity  can  be 
addressed  (Schubert  et  al.  2007,  Koch  et  al.  J  Neurosci  2006) 

Open  questions 

-  Involved  neurons? 

-  Other  rhythms  /  types  of  synchronization? 
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How  is  INHIBITION 


reflected  in  fMRI-BOLD  signal? 


Negative  BOLD  during  Subliminal  Stimulation 


(p<1 0-3,  n=9):  contralateral  primary,  secondary  somatosensory  cortex,  SMA 
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Blankenburg  et  al.  Science  2003 


Model  of  Inhibition  ? 


At  low  stimulation  intensity  inhibitory  interneurons  are 

preferentially  activated 


Feed  forward 
Inhibition 


Swadlow  et  al. 
1999 


nhibition  and  BOLD-fMRI 


Does  INHIBITION 
of  the  output  neuron 
(via  local  interneurons) 


always  lead  to  a  DEACTIVATION  in  fMRI? 


nhibition  and  BOLD-fMRI 


Does  INHIBITION 
of  the  output  neuron 
(via  local  interneurons) 
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Mathiesen,  Caesar,  Akgoren,  Lauritzen  (1998),  J  Physiol  512.2:555-566 


always  lead  to  a  DEACTIVATION  in  fMRI? 


nhibition  and  BOLD-fMRI 


Does  INHIBITION 
of  the  output  neuron 
(via  local  interneurons) 


always  lead  to  a  DEACTIVATION  in  fMRI? 


Effect  of  transcallosal  Inhibition  (Tl)  on  local  Hb-Oxygenation? 


IPSI-lateral  muscle 


Effect  of  Tl  on  Cortex 
Depends  on  Baseline  Condition 
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Effect  of  Tl  Effect  of  Tl 
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Summary  2:  Inhibition  in  fMRI 


The  effect  of  inhibition  on  fMRI  signal  is  context-sensitive 

Most  likely  due  to  two  competing  effects: 

-  Inhibition  „per  se": 

Increased  metabolism  /  fMRI  signal 

-  Inhibition-induced  reduction  of  local  activity: 

Decreased  metabolism  /  fMRI  signal 


Neurophysiological  Events 
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Combining 

fMRI  with  Measurement  of  Evoked  Potentials 


High-Frequency  (600  Hz)  Oscillations 
during  Somatosensory  Stimulation 
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Curio  etal.  1994,  1997,  2000 
Hashimoto  et  al.  1996,  2000 


Late  HFO  Component  Correspond 
to  Cortical  Spike  Bursts 


epidural  EEG 

summed  single  unit  PSTHs  (Baker,  Curio,  Lemon  J.  Physiol.  2003 


Early  and  Late  HFO  Represent 
Presynaptic  AP  and  Cortical  Spike  Bursts 


Correlates  of  Early  and  Late  Parts  of  HFO 


Summary :  :  Spike  Burst  and  fMRI 


High  Frequency  EEG-oscillations  (HFO,  spike  bursts)  can  be 
recovered  from  simultaneous  EEG-fMRI  studies. 

Modulation  of  HFO  is  associated  with  distinct  BOLD  correlates: 
Early  HFO  Contralateral  Thalamus 

Late  HFO  Contralateral  SI 
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Multimodal  Noninvasive  Brain  Imaging  for 
Guiding  Neurosurgical  Interventions: 
Integration  of  MEG,  fMRI,  and  MRS 


Jeffrey  David  Lewine,  Ph.D. 

Diretor,  Illinois  MEG  Center 

Director,  Alexian  Brothers  Center  for  Brain  Research, 
Elk  Grove  Village,  IL 


_n_ 


Hospital  Network 


Alexian  Brothers  Medical  Center 
St.  Alexius  Medical  Center 
Alexian  Brothers  Behavioral  Health  Hospital 
Alexian  Rehabilitation  Hospital 


The  Problem 


In  order  to  achieve  the  best  possible  outcomes  for  their 
patients,  surgeons  treating  brain  tumors  or  epilepsy 
must  maximize  the  removal  of  diseased  or 
dysfunctional  tissue  while  simultaneously  preserving 
the  integrity  of  healthy  tissue  supporting  critical 
functions.  This  requires  detailed  and  interactive 
information  on  the  location  and  spatial  extent  of  the 
tissue  to  be  removed,  plus  information  on  the  spatial 
organization  of  the  brain  with  respect  to  eloquent 
cortical  areas. 


The  Solution 


Noninvasive  brain  imaging  methods  can  significantly  simplify 
the  surgical  planning  process. 


Three  of  the  most  promising  methods  are 

-  magnetoencephalography  (MEG) 

-  functional  MRI  (fMRI) 

-  MR  spectroscopy  (MRS) 

Each  method  has  advantages  and  disadvantages  depending  on 
the  question  in  hand,  and  in  many  cases,  data  from  multiple 
methods  need  to  be  integrated  to  provide  a  complete  roadmap 
for  surgical  planning. 


Mapping  Eloquent  Cortex 


In  considering  eloquent  cortical  regions,  mapping  of  sensorimotor  and 
language  regions  are  generally  considered  to  be  the  most  important.  MEG 
and  fMRI  are  the  two  most  promising  noninvasive  methods  for  these 
applications. 


MEG  directly  measures  the  magnetic  fields  generated  by  the  brain’s 
electrical  activity.  Using  source  modeling  strategies  it  is  possible  to  track 
brain  activity  patterns  in  both  space  and  time. 

fMRI  takes  advantage  of  the  differential  magnetic  properties  of 
oxygenated  and  deoxygenated  blood.  When  a  brain  region  is  active  there 
is  generally  an  increase  in  the  supply  of  oxygenated  blood  to  the  region. 
Whereas  the  spatial  resolution  of  fMRI  is  quite  good,  its  temporal 
resolution  is  debated.  Also,  blood-based  effects  are  tertiary  to 
electrophysiological  activity  and  disease  processes  may  alter  the  coupling 
between  changes  in  brain  activity  and  changes  in  bloodflow. 


How  Does  MEG  Work? 


All  time- varying 
currents  have  a 
surrounding  magnetic 
field. 


sensor 


sensor 

neuronal 
currents^ 


magnetic  flux 

volume 
currents 


How  does  MEG  work? 


•  Changes  in  magnetic  flux  can  be 
measured  using  special  super¬ 
cooled  sensors  coupled  to  SQUIDs. 
Typically,  the  magnetic  field 
pattern  is  recorded  using  a  helmet 
shaped  array  containing  hundreds 
of  sensors 

•  MEG  can  be  used  to  measure 
background  brain  activity  or 
responses  evoked  by  specific 
sensory,  motor,  or  cognitive  events. 


What  Can  Be  Evaluated  Using  MEG? 


MEG  evaluations  focus  on  either  spontaneous  or  evoked  data. 

Spontaneous  data  may  be  visually  inspected  for  identification  of  epileptic  spike  or 
sharpwaves,  and  for  focal  and  diffuse  slow-waves,  with  source  modeling  then  used  to 
identify  implicated  brain  regions. 

Spontaneous  data  can  also  be  subjected  to  spectral  analyses  that  focus  on  the  amplitude 
and  distribution  of  background  brain  rhythms  [e.g.,  delta,  theta,  alpha,  beta,  and  gamma 
activity]  and  patterns  of  coherence  [a  measure  of  functional  connectivity]  within  and 
between  brain  regions. 


Using  signal  averaging  techniques,  evoked  magnetic  fields  [like  EEG  related  evoked 
potentials]  can  be  generated.  These  are  useful  for  examining  functional  organization  of  the 
brain  and  tracking  patterns  of  activity  associated  with  motor,  sensory,  and/or  cognitive 
processing. 


How 


The  output  of  each  sensor  is  a 
time-varying  waveform 
showing  the  magnitude  of  the 
local  magnetic  flux. 

Through  assessment  of  the 
pattern  of  magnetic  activity, 
inferences  can  be  made  on 
the  location  of  sources  for 
signal  components  on 
interest.  MEG  source 
information  ca  be  plotted  on 
spatially  aligned  MR  images 
to  generate  magnetic  source 
localization  images. 


MEG  signals 


MEG  Work? 


magnetic  field  magnetic  source 

pattern  localization  images 


MEG  Examines  Brain  Organization 

•  MEG  is  used  to  track  information  processing  in  both  space  and  time.  Data 
were  collected  in  response  to  repeat  presentation  of  a  1000  Hz  tone.  The 
sensor  map  shows  auditory  evoked  responses  over  right  and  left  lateral 
sensors  located  over  the  temporal  lobes.  The  magnetic  field  pattern  over 
each  hemisphere  changes  in  time.  Data  are  shown  over  the  right 
hemisphere  where  first  the  area  in  green,  then  the  area  in  red,  and  then  the 
area  in  yellow  are  activated  in  sequence. 


P50 


P200 


MEG  is  used  to  examine  brain  organization  for  the  purpose 

of  pre-surgical  planning 

•  MEG  provides  for  efficient  presurgical  mapping  of  somatosensory,  auditory, 
visual,  and  motor  function,  and  identification  of  cerebral  dominance  for 
language. 


Examples  of  Somatosensory  Mapping  and  Identification  of  the  Central  Sulcus 


Lewine  et  al,  2007,  submitted 


MEG  sensorimotor  mapping  in  120  patients,  with  tumor 
or  AVM  in  frontal  or  parietal  lobe. 


Results 


There  were  2  patients  where  MEG  data  were  uninterpretable. 

There  were  12  patients  where  no  MRI  consensus  was  reached. 
MEG  allowed  for  surgical  decision  in  all  12. 

There  were  1 6  additional  patients  where  MEG  changed  patient 
care  (5  did  not  have  surgery  because  of  MEG,  1 1  did  have 
surgery  with  no  post-surgical  motor  compromise  for  10*) 


*  one  patient,  initially  free  of  compromise  had  a  small  stroke  on  post-surgical  day  2  which 
caused  a  subsequent  partial  paralysis. 


Results 


98  patients  underwent  surgery 

•  intra-operative  monitoring  was  performed  in  78 
cases.  MEG  inferences  were  correct  in  all  cases 
(except  the  two  where  MEG  made  no  prediction). 
MRI  inferences  were  incorrect  in  7  cases,  and  there 
were  1 1  cases  MRI  had  made  no  prediction. 


Central  Sulcus 
via  lateral,  axial, 
and  3D  methods 


Stereotaxic  intraoperative  procedures  show  that  MEG/MSI 
based  localizations  of  sensorimotor  regions  are  accurate  to 

within  less  than  6  mm 


image  guided  surgery  electrocorticography 


SEP  iso-potential  map 
ECoG  point 


image  integration 

MSI 

predicted 
ECoG 


actual  ECoG  point 


Lesion  Type  MEG-ECoG 
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surface  distance 


Astrocytoma 
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Metastatic 
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03  mm 

average 
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std 

01.9  mm 

fMRI  -  good  for  somethings,  but  be  careful 

Distinguishing  motor  from  somatosensory  activation 
can  be  difficult  with  fMRI 

fMRI  fails  in  approximately  30%  of  patients  with 
AVMs 

fMRI  is  difficult  with  children 


fMRI  gives  multiple  activations  even  for  simple 

motor  tasks 
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MEG  temporal  information  can  be  critical  in  the  identification  of 
sensorimotor  regions.  In  fMRI,  it  can  be  difficult  to  distinguish 
sensory  from  motor  cortex,  especially  when  pathology  is  present. 


central  sulcus 
by  3D  method 


|j§L*  central  sulcus  by 
fjfe^^mid-sagittal  method 


intra-op,  hand  motor  stimulation  point 


intra-op,  hand  somatosensory  stimulation  point 

MSI-predicted  hand  somatosensory  point 
intra-op,  tongue  somatosensory  stimulation  point 
MSI-predicted  tongue  somatosensoiy  point 


fMRI 


25  cases  with  frontal-parietal  lesions 

fMRI  failed  in  2/5  AVM 

fMRI  failed  in  2  older  patients  with  diabetes 

fMRI  did  not  provide  clear  identification  of 
CS  in  6  cases  because  of  multiple  activities 

fMRI  did  not  show  any  activation  in  4 
patients  with  lesions  with  large  mass  effect 
near  the  CS 


Depending  on  the  patient,  it  may  be  advantageous  to 

perform  both  MEG  and  fMRI. 

For  example,  fMRI  is  superior  at  localization  of  expressive 
language  zones.  Alexian  Brothers  also  offers  fMRI  and  MR 
spectroscopy  procedures  when  needed,  with  MEG  and  MRI 
data  all  provided  in  a  single  integrated  report. 
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fMRI 
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Spectroscopy  can  be  another  useful  method, 
especially  for  defining  tumor  margins 


MEG  Hand  Motor 

MEG  Hand  Somatosensory 
MEG  Tongue  Somatosensory 

Zone  of  fMRI  Hand  Motor  Activation 
(left  hemisphere  only) 


Patient  Applications  Signal  image  Protocols  Postprocessing  System  Options  Help 
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25  year-old  right  handed  male  with  left  frontal  epilepsy.  MEG  localized  the  spike 
zone  and  in  combination  with  fMRI  showed  the  region  to  be  removed  from  both 
motor  and  language  cortex.  Resection  led  to  a  seizure  free  outcome 


Predicting  Outcome 

49  Non-lesional  cases  with  corticography 

Surgery  zone  agreed  with  corticography  in  all  cases. 

-  33/49  show  good  [type  I/II]  outcome  -67% 

Single  MEG  zone  agreed  with  surgery  in  35  cases 

-  30/35  show  good  outcome  -86% 

Single  MEG  zone  disagreed  with  surgery  in  7  cases 

-  2/7  showed  good  outcome  -29% 

Multiple  MEG  zone  in  7  cases 

-  1/7  showed  good  outcome  -14% 


Predicting  Outcome 

8  Non-lesional  cases  without  corticography 


-  Good  outcome  in  all  8  with  agreement  between  ictal  EEG, 
interictal  MEG,  and  one  other  method  [SPECT,  PET,  or 
MRS] 


Case  Example:  Extra- temporal  non-lesional  epilepsy.  Integration  with  other  methods  may  be  of 

utility. 


Conclusions 


Multimodal  Functional  Brain  Imaging  is  useful  for  guiding 
surgical  interventions  in  patients  with  tumors,  vascular 
malformations,  and  epilepsy. 


MRS  is  the  method  of  choice  for  defining  tumor  margins 

MEG  and  fMRI  contribute  to  mapping  of  eloquent  cortex 

MEG  is  a  useful  adjunct  to  video  EEG  and  intracranial 
recordings  in  patients  with  epilepsy. 


Clinical  FMRI:  Language 

Mapping 

Susan  Bookheimer  PhD 
Center  for  Cognitive  Neurosciences 
Dept  Psychiatry  and  Biobehavioral  Sciences 
UCLA  School  of  Medicine 
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Introduction  to  the  problem: 

why  language  mapping  with  fMRI  is 
shockingly  different  from  language 
research  or  standard  radiology 

For  surgical  planning:  relate  activation  to  disruption 

-  Not  exploratory:  can’t  interpret  blobs  post-hoc 

-  Interpretations  based  on  knowledge  of  the  language  system  and 
effects  of  damage-  all  within  subject 

-  Have  to  know  the  functional  systems  extremely  well 

Make  recommendations,  predict  outcomes 

-  Integrate  fMRI  findings  with  surgical  plan;  outcome  data,  validation 
data 

-  If  we  are  wrong,  patients  become  aphasic 

-  We  can  get  sued 


Team  members 

Language  expert:  someone  who  knows  both 
language  activation  patterns  and  lesion  deficit 
relations  (usually  a  neuropsychologist;  behavioral 
neurologist,  linguist,  speech  pathologist 

fMRI  expert  (image  quality,  analysis) 

MRI  interpreter  (usually  a  neuroradiologist;  surgeon, 
neurologist) 

Psychometrist  (neuropsychologist,  clinical 
psychologist,  speech  pathologist) 

Referring  physician  (neurosurgeon;  neurologist) 


Clinical  fMRI:  Within-subject 


Clinical  fMRI  has  CPT  code  for  pre-surgical  planning 

Motor,  sensory,  language 

-  70554  Functional  MRI  NOT  REQUIRING  physician  or 
psychologist  administration 

-  70555  Functional  MRI  REQUIRING  physician  or 
psychologist  administration 

Question:  Where  are  the  critical  functional  areas 

(eloquent  cortex) 

-  Intra-hemispheric  (know  which  hemisphere  you  are  going  to 
operate  on) 

-  Laterality 


Within-subject  clinical  design 


Statistical  concern  is  false  negatives 

-  Far  less  tolerant  of  noise  from  any  source 

-  Baseline  conditions  are  a  major  concern 

-  Isolation  of  variables  in  “cognitive  subtraction”  more  risky 

Unique  problems  with  lesion-induced  artifact 

Performance  variables  are  critical 

-  Many  patients  have  deficits 

Unique  and  unexpected  patient  needs 

-  primary  language  is  Swahili;  pt.  is  a  musician 


Task  design  for  within-subject 

experiments 

Blocked  vs  single  trial? 

-  blocked 

How  many  conditions? 

-  As  few  as  possible  (2) 

What  tasks? 

-  At  least  3 

-  Tailor  tasks  to  lesion;  know  your  task 

How  to  isolate  “eloquent”  areas 

-  Do  you  tailor  control  tasks  in  the  “cognitive  subtraction” 
tradition? 


Additive  factors  assumptions 


You  have  correctly  identified  and  isolated  the  variable(s) 
intended 

Linearity/additivity 

In  additional  hierarchical  levels,  “controlled”  processes  do  not 
change 

All  of  these  assumptions  are  false 

Potential  solutions: 

-  Low  level  baseline  (fixation) 

-  Parametric  designs  (have  to  carefully  evaluate  performance 
within  subject) 


Referral  Questions 

Laterality  of  language 

-  Left  handers;  children;  epilepsy,  AVM  (childhood  onset 
lesions) 

-  Is  an  invasive  procedure  necessary  (Wada,  corticography)? 

Intra-hemispheric  organization  of 

language 

-  Large  majority  of  referrals 

-  Brain  tumors,  LH  AVMs,  etc. 

-  Is  the  lesion  resectable?  Is  corticography  necessary?  What 
is  the  best  route  to  the  lesion?  What  risks  does  the  patient 
face? 


Before  you  start 


Make  sure  you  know  the  referring  physicians  goals 
and  the  patient’s  priorities 

Establish  patient  ability/deficit  level  --  use  tasks  at  the 
ability  level  appropriate  for  the  patient  (psychometrist; 
screening  tool) 

Choose  tasks  of  relevance  to  the  region  you  care 
about 

-  Frontal  lesion:  expressive  speech  tasks 

-  Temporal  lesion:  comprehension  tasks  that  differentiate  A1 
from  WA 

Modify  tasks  as  needed  (other  languages) 


Basic  Mapping  Approach 


Use  multiple  tasks  with  low  level  baseline 

-  Don’t  want  to  “subtract”  a  critical  function  activated 
passively 

Look  for  areas  of  consistent  overlap 

Look  for  task-specific  effects 

Focus  on  region  of  interest-function  of 
interest 

Ensure  quality  control  at  each  step 


Multiple  tasks,  multiple 

modalities 

Object/action  Naming 
Auditory  Naming 

>  Smell  with  this  “nose” 

Reading/naming 

-  “tall  pink  bird” 

Find  conjunction 

-  Comprehension,  expression 

Other  tasks:  generation,  sentence  processing,  region 
specific  tasks;  patient-specific  tasks  (reading  music) 
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Short  blocked  paradigm 
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- Paradigm  Response 


Conjunction  analysis 


Logical  AND 

Areas  consistent  across  tasks,  different 
sensory  input 

Sensitive  to  low  level  activation 

Insensitive  to  random  noise  (noise  or 
chance  probability  of  activation  = 
product  of  chance  activation  in  each 
task)  ie,  p<.05  x  .05  x  .05  <  .000125 


Language  Organization 
Classic  model 


arcuate  fasciculus 


Sensory  perception-comprehension  (WA)-Broca’s 
(formulation,  motor  plan)~motor  cortex  (final 
common  pathway) 
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Base  rates  and  laterality 

Left  hemisphere  dominance  (LBS):  99+  %  right  handers; 
33-66%  left  handers;  RBS  about  33%  left  handers 

Mixed  dominance;  about  33%  of  left  handers:  does  NOT 
imply  equipotentiality;  anterior  left,  posterior  right,  or 
reverse 

Nature/  age  of  onset  of  the  lesion,  handedness,  and 
family  history  of  handedness  all  modify  the  base  rates 

RH,  Adult  onset  lesion  (tumor,  head  injury)-  RBS  is 
shockingly  rare 

Childhood  onset  lesion  with  intact  RH-  >  p  of  RBS. 
Epilepsy;  AVM;  perinatal  stroke 


Laterality,  cont. 


Task  “panel”  approach  superior:  look  for 
consistencies  across  different  language  tasks;  at 
least  3 

Only  use  tasks  relevant  for  your  specific  question: 

-  don’t  use  word  generation  to  measure  receptive 
speech  dominance 

Never  calculate  LI  if  the  data  are  not  pristine 

-  Head  motion,  other  artifacts 

-  If  signal  is  reduced  due  to  other  factors  (edema, 
susceptibility  artifacts,  etc 

Always  take  into  account  base  rates  before  you 
interpret  the  data 


J.K.:  Mixed  dominance  Wada 


Lesions  affect  blood  flow 


AVM  induced  signal  loss 
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White  matter  disruption 


Hand  map 


Hand  SMA 


Language  map 

Broca’s  SDeech  SMA 


Post-operative  expressive  aphasia 
Rapid  recovery  (2  weeks  to  normal) 


Summary 


Especially  for  language  mapping,  fMRI  is  very 
complex. 

Close  contact  with  the  raw  data,  and  with  the 
patient’s  status  (including  presence  of 
deficits,  history  of  lesion,  handedness,  etc)  is 
essential  to  avoid  errors 

Validation  of  your  local  approach  with 
traditional  methods  (Wada  testing,  cortical 
stimulation  mapping)  is  essential 
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Multi-channel  MRI  at  ultra-low  fields 

compatible  with  MEG 

Vadim  S.  Zotev.  Andrei  N.  Matlashov,  Petr  L.  Volegov, 
Michelle  A.  Espy,  John  C.  Mosher,  Robert  H.  Kraus,  Jr. 


Group  of  Applied  Modern  Physics,  Los  Alamos  National  Laboratory 
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Introduction 


Magnetic  resonance  imaging  (MRI) 
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Philips  Achieva 
3  Tesla  MRI 
scanner 


Co-registration  of  MEG  and  MRI  data 
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Magnetoencephalography  (MEG) 
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Co-registration  errors  are  5-10  mm  ! 
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Magnetic  resonance  imaging  at  ultra-low  fields  (ULF  MRI)  is  a  new 
imaging  approach  that  uses  SQUIDs  to  measure  the  spatially 
encoded  spin  precession  at  microtesla-range  measurement  fields 


Bp(mT) 


Spin 

precession 


co=y\B\,  y/27c=42.6  Hz/jiT 
NMR  line  broadening: 

Sco  =ySB =y( 5B/B)B 
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Reference:  R.  McDermott  et  al.  Liquid-state  NMR  and  scalar  couplings 
in  microtesla  magnetic  fields.  Science  295,  p.2247  (2002). 


Reference:  R.  McDermott  et  al.  Microtesla  MRI  with  a  superconducting 
quantum  interference  device.  PNAS  101,  p.7857  (2004). 
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Objectives  of  our  work: 

>  Investigate  the  potential  of  multi-sensor  ULF  MRI,  particularly 
for  human  brain  imaging. 

>  Combine  ULF  MRI  and  magnetoencephalography  (MEG) 
in  one  multi-channel  instrument. 

Benefits  for  neuroimaging: 

>  Elimination  of  MEG/M Rl  co-registration  errors 

>  Simultaneous  functional  (MEG)  and  anatomical  (ULF  MRI) 
imaging  of  the  human  brain 


Reference:  V.S.  Zotev  et  al.  Multi-channel  SQUID  system  for  MEG  and 
ultra-low-field  MRI.  IEEE  Trans  Appl  Supercond  17,  p.  839  (2007). 
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Reference:  P.  Volegov  et  al.  Simultaneous  magnetoencephalography  and 
SQUID  detected  NMR  in  microtesla  magnetic  fields.  MRM  52,  p.  467  (2004). 
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Instrumentation  for  ULF  MRI 
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Seven  gradiometers  with  SQUIDs 


Gradiometers  are  second- 
order,  with  37  mm  diameter 
and  60  mm  baseline.  They 
are  placed  as  shown  above 
with  45  mm  separations 
between  nearby  coil  centers 


The  cryoswitch  protects  the  SQUID  from  transients  caused 
by  strong  Bp  pulses.  It  becomes  resistive  when  its  heater  is 
activated.  Switching  time:  <  5  ps,  ON  resistance:  50  ohm 
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Noise  spectra  of  the  seven  SQUID  gradiometers 


SQUID  flux  noise:  5  pO0VHz  for  channel  1 . 
Field  resolution  is  ~1 .2  fT/VHz  at  1  kHz  for  the 
central  channel  (Ch  1 )  and  ~2.8  fT/VHz  for  the 
surrounding  channels  (due  to  the  dewar  noise). 
The  roll-off  is  a  characteristic  of  the  DAQ  used. 


SQUID  ‘CE2  blue’  (left)  and  cryoswitch  ‘SWT 
(right)  from  Supracon  AG,  Jena, Germany 
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General  view  of  the  system  Schematic  of  the  coil  system 


Imaging  protocol 
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Pre-polarizing  field:  Bp  =  40-50  mT 
Measurement  field:  Bm  =  46  pT 
The  two  fields  are  orthogonal  and 
separated  in  time 


Gradients  for  3D  Fourier  MRI: 
Gz=dBz/dz,  Gx=dBz/dx,  Gy=dBz/dy 


Gradient  echo  sequence  in  3D  ULF  MRI 
B,,  -  pre-polarizing  field 


Bm  -  measurement  field 
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3D  imaging  of  a  human  hand 


Phvskrjr 


Imaging  parameters 

Pre-polarization  time:  tp  =  0.5  s 
Encoding  time:  tg  =  42  ms 
Acquisition  time:  taCq  =  84  ms 

Pre-polarizing  field:  Bp  =  40  mT 
Measurement  field:  Bm  =  46  pT  (-1940  Hz) 

Gradient  echo:  Gx  =  +/-40  Hz/cm 
Phase  encoding: 

Gz  =  -40  Hz/cm... +40  Hz/cm,  55  steps 
Gy  =  -20  Hz/cm... +20  Hz/cm,  9  steps 

Imaging  resolution:  3  mm  *  3  mm  *  6  mm 
Number  of  scans  averaged:  12 
Total  imaging  time:  ~1  hour 


Gradient  echo  Gx=+/-40  Hz/cm,  Gz=Gy=0 

xIO'3 


1600  1700  1800  1900  2000  2100  2200  2300 

Freq,  Hz 


The  mean  relaxation  time  Ti  for  the  hand  is  -120  ms 
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2D  image 
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Images  from  the  seven  individual  channels  for  Y=  12  mm 
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Chi  Ch  2  Ch  3  Ch  4 


Sensor  array  expands  FOV 
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3D  imaging  of  a  sheep  brain 
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Imaging  parameters 

Pre-polarization  time:  tp  =  0.5  s 
Encoding  time:  tg  =  33  ms 
Acquisition  time:  taCq  =  66  ms 

Pre-polarizing  field:  Bp  =  40  mT 
Measurement  field:  Bm  =  46  pT  (-1940  Hz) 

Gradient  echo:  Gx  =  +/-60  Hz/cm 
Phase  encoding: 

Gz  =  -60  Hz/cm... +60  Hz/cm,  33  steps 
Gy  =  -30  Hz/cm... +30  Hz/cm,  1 1  steps 

Imaging  resolution:  2.5  mm  *  2.5  mm  *  5  mm 
Number  of  scans  averaged:  42 
Total  imaging  time:  -3  hours 
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Gradient  echo  Gx=  +/-60  Hz/cm,  Gz=Gy=0 
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The  sheep  brain  is  preserved  in  formaldehyde. 
The  mean  relaxation  time  T2  is  -40  ms 


Imaging  at  high  field 

B=2  Tesla,  TE=26  ms,  TR=1500  ms 
Slices  are  2  mm  thick,  5  mm  apart 
In-plane  resolution:  1mm  *  0.5  mm 
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Composite  seven-channel  images  of  the  sheep  brain  with  sensitivity  correction 


Y  =  20  mm 


Y  =  15  mm 


Y  =  1 0  mm 
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Images  acquired  at  46  \jJ 
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Images  acquired  at  2  Tesla 

Slice  2  Slice  3 


Slice  4 


Slice  5 


Slice  6 


Slice  7 
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Images  from  the  seven  individual  channels  for  Y=5  mm 


Phvskrjr 


Chi  Ch  2  Ch  3  Ch 4 
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Sensor  array  improves  SNR 


im  i.v 

/ivr 


Accelerated  imaging 


Imaging  parameters 

Pre-polarization  time:  tp  =  4  s 
Encoding  time:  tg  =  250  ms 
Acquisition  time:  taCq  =  500  ms 

Pre-polarizing  field:  Bp  =  50  mT 
Measurement  field:  Bm  =  46  pT  (-1940  Hz) 

Gradient  echo:  Gx  =  +/-10  Hz/cm 
Phase  encoding: 

Gz  =  -10  Hz/cm... +10  Hz/cm,  73  steps 

Imaging  resolution:  2  mm  x  2  mm 
Number  of  scans  averaged:  1 
Imaging  time  for  full  FOV:  -6  min 


Gradient  echo  Gx=  +/-10  Hz/cm,  Gz=Gy=0 


0.3  0.35  0.4  0.45  0.5  0.55  0.6  0.65  0.7  0.75 

time,  s 


The  phantom  holes  are  filled  with  water  (colored  in  the 
picture).They  are  19  mm  in  diameter,  19  mm  deep,  and 
have  22  mm  center-to-center  spacing. 
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Accelerated  imaging  by  sensor  array 

>  The  number  of  phase  encoding  lines  is  reduced  by  factor  R  through  R-fold  increase  in  gradient  step 
with  the  maximum  gradient  value  (and  imaging  resolution)  unchanged. 

>  The  imaging  FOV  along  the  phase  encoding  direction  is  thus  reduced  R  times,  and  aliasing  occurs, 
i.e.  each  pixel  in  the  reduced  FOV  is  a  superposition  of  up  to  R  equidistant  pixels  in  the  full  FOV. 

>  SENSE  method:  because  the  superposition  of  pixels  occurs  with  different  weights  for  different 
sensors,  the  aliased  images  can  be  ‘unfolded’  to  produce  a  correct  full-FOV  image. 
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Reference:  K.P.  Pruessmann  et  al.  SENSE:  Sensitivity 
encoding  for  fast  MRI.  MRM  42,  p.959  (1999). 
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Composite,  R=1 


Composite,  R=2 
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g  factor,  R=2 


4 

4 

aver  1.01  max  1.20 


SENSE,  R=3 


g  factor,  R=3 


Composite,  R=4 


SENSE,  R=4 


g  factor,  R=4 


- 

- 

aver  4.28 

max  47.31 

R=1:  73  phase  encoding 
lines  acquired  in  6  min 


R=2:  37  phase  encoding 
lines  acquired  in  3  min 


R=3:  25  phase  encoding 
lines  acquired  in  2  min 


R=4:  19  phase  encoding 
lines  acquired  in  1.5  min 


Real  imaging 
acceleration  in 
comparison  to 
single-shot  full- 
FOV  imaging 
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MEG  measurements 


Auditory  evoked  magnetic  field 


Auditory  stimulus:  train  of  1.2  ms  clicks  with  14 
ms  intervals.  Pre-stimulus  interval:  50  ms 


Polarities  of  the  signals  are  consistent  with  the 
expected  orientation  of  the  equivalent  current 
dipole  perpendicular  to  the  Sylvian  fissure. 
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Conclusions 


>  ULF  MR!  can  potentially  compete  with  high-field  MRI. 

>  Imaging  speed  is  limited  mainly  by  the  strength  of  the 
pre-polarizing  field  available  and  can  be  improved. 

>  Multiple  sensors  make  it  possible  to  increase  image 
quality  and/or  imaging  speed. 

>  New  MEG  instruments  should  be  designed  to  include 
ULF  MRI  capability. 
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Application  of  Atomic 
Magnetometer  to  MEG  and 

NMR 

Igor  Savukov 
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Advantages  of  atomic  magnetometers 


•  High  sensitivity,  exceeding  SQUID’s 

•  Non-cryogenic  operation 

•  Low  cost  of  multi-channel  operation 

•  Portability 

•  Maintenance  free  operation 

•  Low  field  NMR/MRI 

•  No  problems  with  rf  noise 

•  Possibility  to  tune  by  external  field 

•  Simultaneous  MEG  and  MRI 

•  Direct  neural  imaging  with  ULF-MRI 


There  are  some  problems,  though:  sensitivity  to  vibrations, 
requirement  for  heating  to  180C,  limited  bandwidth,  residual 
DC  field  effects 


Direct  neural  imaging 


Idea  -  neural  fields  can  affect  locally  NMR  signals 

Spatial  resolution  is  similar  to  MRI 
No  ambiguity  of  MEG 
Neural  activity  (functional)  information 
Fast  time  resolution,  unlike  fMRI 

Los  Alamos  group  works  on  theoretical  modeling  of  neural  fields:  of 
a  single  neuron  and  a  network  of  neurons 

Los  Alamos  group  conducted  some  preliminary  phantom  experiment 
using  ULF-NMR  system 


magnetometer 


k  Magnetic  Field 


SERF  -  spin-exchange  relaxation  free, 
Analog  motional  narrowing  in  NMR 


Spin  shot  noise 


SB  = 


1 

/^JnT2Vt 


The  width  in  SERF  regime 
is  1-2  Hz 


SB  =  \0~17  TV~3,2Hz~112 


J.  Allred,  R.  Lyman,  T.  Kornack,  M.  Romalis,  “A  hiqh-sensitivitv  atomic 
magnetometer  unaffected  by  spin-exchange  relaxation."  Phys.  Rev. 
Lett.  89,  130801  (2002). 


Most  sensitive  magnetometer 


A  subfemtotesla  multichannel  atomic  magnetometer 

I.  K.  Kominis,  T.  W.  Kornack,  J.  C.  Allred  and  M.  V.  Romalis 

Nature  422,  596-599(2003) 


20  Hz  NMR  with  SERF 


Pump 


Magnetometer 
Coils 


Shields 


I.  M.  Savukov  and  M.  V.  Romalis.  "NMR  Detection  with  an  Atomic 
Magnetometer."  Phys.  Rev.  Lett.  94,  123001  (2005). 
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NMR  detection  with  RF  atomic 

magnetometer 
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I.  M.  Savukov,  S.  J.  Seltzer,  M.  V.  Romalis  and  K.  L.  Sauer.  "Tunable 
Atomic  Magnetometer  for  Detection  of  Radio-Frequency  Magnetic 

Fields."  Phys.  Rev.  Lett  95,  063004  (2005). 


I.  M.  Savukov,  S.  J.  Seltzer,  and  M.  V.  Romalis.  "Detection  of  NMR 
signals  with  a  radio-frequency  atomic  magnetometer."  Journal  of 
Magnetic  Resonance.  185,  214  (2007). 


Next  step  -  MRI  with  AM 


General  view  of  the  system 

Schematic  of  the  coil 


Replace  SQUID  with  AM 


Imaging  protocol 


Gradient  echo  sequence  in  3D  ULF  MRI 


B,,  -  pre-polarizing  field 


Bm  -  measurement  field 
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Los  Alamos  Laboratory,  SQUID  team  ULF  MRI  setup 


MEG  with  SQUIDs 


Thermos 


Los  Alamos  Laboratory, 
SQUID  team 


MEG  with  SERF  magnetometer 


Princeton  MEG  system 
based  on  SERF  magnetometer 
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H.  Xia,  A.  Ben-Amar  Baranga,  D.  Hoffman,  and  M.  V.  Romalis. 
"Maqnetoencephaloqraphv  with  an  atomic  magnetometer."  Appl.  Phys. 
Lett  89,211104  (2006) 


First  MEG  detection  with  AM 


6  channel  field  recordings 


Localization  of  a  MEG  source 


Magnetic  field  topography 


H.  Xia,  A.  Ben-Amar  Baranga,  D.  Hoffman,  and  M.  V. 
Romalis,  Appl.  Phys.  Lett.  89,  211104  (2006) 


Auditory  Evoked  Field  (AEF)  Measurement 


Auditory  stimulus 
on  Right  ear : 
500  kHz  tone, 
100  ms  duration 


Primary  auditory  cortex 
excitation  after  100  ms 
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Noise  performance 


Noise  spectra  of  AM  multi-channel  system 


Noise  spectra  of  the  seven  SQUID  gradiometers 


Princeton,  Romalis  group 


Los  Alamos,  SQUID  team 


Single  Channel  noise:  10  f!7Hz1/2 

With  noise  cancellation  between  channels:  3.5fT/Hz1/2 

Bandwidth  ~  40  Hz 


Flux  density  (fT) 


Atomic  Brain  Signal  vs 


Atomic  magnetometer 


Stimulus  onset 
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Single  magnetic  field  polarity  in  the  result  of  the  atomic  brain 
magnetometer 

originated  from  the  fact  that  the  measurement  area  is  not 
enough  to  cover  the  dipolar  magnetic  field  pattern 


Flux  density  (fT) 


SQUID  Brain  Signal 


SQUID  helmet 


Conclusions 


AM  is  emerging  new  technology,  competing  with 
SQUIDs  in  biomedical  applications 

MEG  is  demonstrated  with  AM 

NMR  is  demonstrated  with  AM 

Future:  applications  to  MRI 

DNI  -  direct  neural  imaging 
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Disclaimer 


The  opinions  or  assertions  contained  herein  are 
the  private  views  of  the  author  and  are  not  to  be 
construed  as  official  or  as  reflecting  the  views 
of  the  Department  of  the  Army,  Department  of 

Defense,  or  the  U.S.  Government. 


Talk  Overview 


•  Military/  civilian  epidemiology 

•  Relevance  of  TBI  to  military 

•  Blast  Injury 

•  Data  from  Defense  and  Veterans  Brain  Injury  Center 


Relative  Proportion  of  Levels 

of  Care  for  TBI 


Source:  CDC:  Traumatic  Brain  Injury  in  the  United  States,  October  2004 


Head  Injury  in  the  U.S. 

Military 
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Ommaya  AK,  Ommaya  AK,  Dannenberg  AL,  Salazar  AM.  Causation, 
incidence,  and  costs  of  traumatic  brain  injury  in  the  U.S.  Military  Medical 
System.  J  Trauma.  1996 


Missed  TBI  Diagnoses* 


5 1  %  of  47  patients  seen  in  a  British  trauma  center 
with  a  TBI  did  not  have  a  TBI  diagnosis  recorded 


Most  TBI  patients  lacking  a  coded  TBI  diagnosis 
had  other  injuries  coded 


*TBI  defined  as  any  injury  to  the  head  and  some  gap  in  memory  for  events. 


Moss  NEG,  Wade  DT.  Admission  after  head  injury:  How  many  occur  and  how  many  are 
recorded?.  Injury.  1996;  27(3):  159-161. 


Mechanisms  of  Injury 


Contra  coup 


Diffuse  Axonal 


Penetrating 
Gun  Shot 
Wound 


Regional  Cortical  Vulnerability  to  TBI 
Predicts  Neuropsychiatric  Sequelae 


Ventral  brainstem  (arousal, 
ascending  activation  of 
diencephalic,  subcortical,  and 
cortical  structures! 


i 


Dorsolateral  prefrontal  cortex 

(executive  function,  including  sustained  and 
complex  attention,  memory  retrieval, 
abstraction,  judgement,  insight,  problem 
solving) 


Orbitofrontal  cortex 

(emotional  and  social  responding) 


Anterior  temporal  cortex 

(memory  retrieval,  face  recognition, 
language) 


Amygdala  (emotional  learning 
and  conditioning,  including 


Hippocampus  (only  partially  visible  in 
this  view  -  declarative  memory) 


Postconcussion  Symptoms  (PCS) 


•  Headache 

•  Dizziness 

•  Irritability 

•  Decreased 
Concentration 

•  Memory  Problems 

•  Fatigue 


Visual  Disturbances 
Sensitivity  to  Noise 
Judgement  Problems 
Anxiety 
Depression 


Neurocognitive  Changes 


Attention/Concentration 
Speed  of  Mental  Processing 
Leaming/Information  Retrieval 

Executive  Functions  (e.  g.,  Planning,  Problem  Solving, 
Self  Monitoring)  May  see  judgment  problems, 
apathy,  inappropriate  behaviors 


Post  Concussive  Sx  in  Mild  TBI 


Natural  history  is  recovery  within  weeks/months  (Levin  1987), 
but  a  small  percentage  will  have  persistent  symptoms 
(Alexander,  Neurology  1995) 

High  school  athletes  with  3  or  more  prior  concussions  were  up 
to  9  times  more  likely  to  develop  symptoms  than  athletes 
without  prior  injury  (Collins,  et  al,  Neurosurgery  2002) 


Educational  interventions  effective  in  reducing  symptoms 
(Ponsford,  et  al.  2002) 


TBI  Incidence  -  WRAMC 


Battle  and  NonBattle  Battle  Injuries  Only 
Injuries 

•  429/2294  with  TBI  .  342/1116  with  TBI 


19%  with  TBI 


3 1  %  with  TBI 


Blast  Injuries 

Multifactorial  injury  mechanism: 

1.  Primary:  Direct  exposure  to  overpressurization  wave 
-  velocity  >/=  300m/sec  (speed  of  sound  in  air) 

2.  Secondary:  Impact  from  blast  energized  debris  - 
penetrating  and  nonpenetrating 

3.  Tertiary:  Displacement  of  the  person  by  the  blast  and 

impact  G.  Cooper,  et  al  1983 

4.  Quaternary:  Bums/Inhalation  of  gases 


May  be  combined  with  MVA  in  war  theater 


Blast  Injuries 


Primary  blast  injury:  interaction  of  the  overpressurization  wave  and 
the  body.  Air-filled  organs  vulnerable:  ear,  lung,  and  GI  tract 


The  brain  is  also  vulnerable:  direct  injury,  e.g.  cerebral  contusion; 
indirect  injury,  e.g.  cerebral  infarction  secondary  to  air  emboli 
(Elsayed,  1997;Mayorga,  1997).  Data  on  non-fatal  blast  closed 
brain  injury  are  limited. 


Lab  studies  have  found  that  blast,  even  while  the  head  was 
protected,  causes  structural  changes  in  the  brain  and  cognitive 
impairments.  There  is  also  a  significant  linear  relationship 
between  blast  injury  severity  and  task  impairment  (Cemak  I,  et  al. 
2001). 


Primary  Blast  Injury: 

A  Case  Report  of  SGT  B 


•  50  y/o  SGT  in  Iraq  walking  back  to  quarters 

•  Explosion  hit  the  ammo  area  of  their  own  base 

•  Sgt  B  -  crouched  behind  a  5  inch  thick  cement 
bunker  with  vest  and  helmet 

•  exposure  to  3  hours  of  explosions  -  10/2006 

•  3  episodes  of  “having  her  bell  rung”  concurrent  with 
“chest  hurt”  -  once  when  she  peered  outside  as  a 
new  explosion  occurred 

•  Did  not  fall  or  hit  her  head  at  any  point 


Primary  Blast  Injury: 

A  Case  Report  of  SGT  B 


•  Immediate  aftermath  - 

-  2  weeks  of  headache,  dizziness,  balance  problems, 
nausea/vomiting  -  treated  initially  for  dehydration  d/t 
vomiting;  also  insomnia,  anxiety,  nightmares 

-  Gradually  felt  better,  remained  at  admin  position  in  Iraq; 
felt  more  subdued,  not  her  usual  extroverted  self 

•  Past  Medical  History  - 

-  9/06  inside  vehicle  that  encountered  an  explosion  - 

•  “a  little  jolting”;  tinnitus;  ear  exam  -  irritation  in  Left 
ear 

•  Did  not  hit  her  head 


Primary  Blast  Injury: 

A  Case  Report  of  SGT  B 


•  Habits  -  never  smoked;  rare  etoh 

•  Former  medic,  break  in  service  to  raise  family 

•  MR  imaging  -  see  slide 

•  F/u  MRI  3  months  later  -  see  slide 
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I ROI  Statistics 


Histogram  March  2007 


rROI  1 


Volume:  11732.7  mm3 


FA 

min:  0.0330431 
max:  0.768489 
mean:  0.241423 
std:  0.140494 
ADC  (mm2/s) 
min:  1.51232 
max:  17.819 
mean:  3.42453 
std:  1.58559 


rROI  2 


Volume:  11900.3  mm3 
FA 

min:  0.0433687 
max:  0.893477 
mean:  0.276655 
std:  0.154588 
ADC  (mm2/s) 
min:  1.0381 
max:  16.4441 
mean:  2.89234 
std:  1.2307 
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Volume:  11732.7  mm3 


FA 


min:  0.0276384 
max:  0.871643 
mean:  0.255202 
std:  0.148147 
ADC  (mm2/s) 
min:  0.666118 
max:  17.4081 
mean:  3.50545 
std:  1.64682 


Volume:  11900.3  mm3 
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min:  0 

max:  0.908371 
mean:  0.269157 
std:  0.15843 
ADC  (mm2/s) 
min:  0 

max:  17.1049 
mean:  2.91455 
std:  1.25691 
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Primary  Blast  Injury: 

A  Case  Report  of  SGT  B 


•  Conclusion  - 

-  Rare  instance  of  clear  exposure  to  primary  blast  without 
secondary  or  tertiary  blast 

-  Clear  post  concussive  symptoms  -  H/A,  balance  problems, 
dizziness,  nausea/vomiting  x  2  weeks 

-  MR  findings  consistent  with  brain  injury  dated  to  October 
2006 

-  Resilience  is  apparent  as  this  soldier  continues  on  Active 
Duty  and  is  resuming  full  career  with  the  Army 


Defense  and  Veterans  Brain 
Iniurv  Center  (DVBIC) 


Toll  Free  Referral  and  Information  Line: 

1-800-870-9244 
Web  Site:  www.DVBIC.org 


Manbir  Singh 

Radiology  and  Biomedical  Engineering 
University  of  Southern  California 
Los  Angeles,  CA,  USA 


Sudden  Acceleration/Deceleration  or 
Rotational/Vibrational  forces  induce  Diffuse 
Axonal  Injury  (DAI). 

DAI  causes  wide  range  of  neurological 
problems  including  cognitive  impairments. 

Routine  CT/MRI  under-diagnose  DAI. 

DAI  disrupts  axonal  membranes  and  cyto- 
skeletal  network. 

DTI  ideal  for  detection  of  membrane  dis¬ 
ruption,  DTI-tractography  ideal  for  detection 
of  network  and  pathway  disruptions. 


Random  motion  of  water  molecules  in 
biological  tissues  is  restricted  by 
microstructures 

•  MRI  signal  is  sensitive  to  displacement 
along  the  direction  of  gradients. 


A  =  Qxp(-bD) 


A  :  Attenuation  of  the  MRI  signal 

b  :  “b  factor”  characterizing  the  gradient 
pulses(timing,  amplitude,  shape)  (s/mm2) 

D  :  Diffusion  Tensor  (mm2/s) 
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’  Degree  of  anisotropy  calculated  by  Fractional 
Anisotropy 

J3[((A’-<A»2  +(a2-(a»2+(a3-<a))2)] 

'  Eigenvector  with  the  largest 
eigenvalue  assumed  to  represent  ^Ii|f 
the  fiber  orientation  (Pajevic  ef  al. 

1999) 
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Numerical  Integration  Method 
Linear  Propagation  -  Euler  (1st  order) 

(Mori,  1999)  -  4th  order  Runge-Kutta 

(Basser,  2000) 


Use  DTI  to  detect  and  quantify  diffusion 
changes  (e.g.,  FA  changes)  in  brain 
regions  likely  to  have  suffered  axonal 
damage. 

Use  DTI-Tractography  to  identify  and 
quantify  white-matter  pathways  likely  to 
be  affected  by  above  regions. 
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Construct  FA  map  for  each  TBI  patient 
and  10  age-matched  Normal  control 
subjects. 

Normalize  all  FA  maps  to  a  standard 
space  (we  use  SPM  space)  using  non¬ 
linear  normalization  and  a  FA  template 
constructed  from  our  10  normal  subjects. 

Construct  voxel  based  T-map  of  FA 
differences  between  TBI  patient  and  10 
normals.  Set  threshold  to  identify  ROIs. 


Trauma  subject  #1 


Use  same  number  of  seeds  in  each  subject 
at  anatomically  equivalent  locations 


Inverse 

Normalization 

_ 

Template  Subject 


We  used  an  FA  template  in  SPM  standard  space 
for  normalization 


Trauma  subject _ Trauma  vs.  Normal  #1 _ Trauma  vs.  Normal  #2 


Trauma  case  2:  ROI  #2 


4 


DTI  is  well-suited  to  detect  DAI  in  TBI 

Preliminary  results  suggest  that  FA  and 
tractography  differences  can  be  quantified 
to  detect  injured  regions  and  the  pathways 
affected  by  these  injured  regions 


Neurological 

Institute 


Ethical  Issues  in  Neuro-Imaging 

Gregory  P.  Lekovic,  MD,  PhD,  JD 

Chief  Resident,  Neurological  Surgery 
Barrow  Neurological  Institute 
Phoenix,  AZ 

Adjunct  Professor  of  Law 
Sandra  Day  O’Connor  School  of  Law 
Arizona  State  University 
Tempe,  AZ 


Bj^RROW 

Overview  of  Ethical  Concerns  witn-^y 
Neuro-Imaging:  fMRI,  PET,  SPECT,  MEG 

1 .  Premature  adoption  of  technology/ 

Misapplication 

1 .  Reliability/  validity  of  results 

1 .  Different  standard  for  science,  law,  business 

2.  Privacy  and  ‘collateral  information’ 

1 .  Are  all  brain  imaging  tests  fundamentally  ‘medical’ 
in  nature? 

1 .  HIPPA,  duty  to  disclose? 

2.  Is  there  an  inherent  privacy  interest  in  cognitive 
data? 

3.  Forensic  or  Legal  use 

1 .  How  will  courts  interpret  neuro-imaging  data? 

Wople,  et  alAJOB  5(2):  39-49  (2005) 


Examples 


b£rroYv 

Nvuruhi^ical 

fnHitute 


1.  Image  based  diagnoses-  PTSD,  etc 

•  Validity 

•  Privacy/  Collateral  information 

•  Forensic  (mis)use 

2.  Image  guided  therapies,  e.g.  surgery  for  psychiatric 
disease 

•  Validity/  misapplication 

•  Privacy  &  collateral  information-  not  an  issue  if 
seeking  treatment 

•  Forensic  (mis)use 
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Neuro-Imaging 


1.  Premature  adoption  of 
technology /  Misapplication 

2.  Privacy/  Collateral  information 

3.  Forensic  use 
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Brain  imaging  ready  to  detect 
terrorists,  say  neuroscientists 


Brain- imaging  techniques  that  reveal  when  a 
person  is  lying  are  now  reliable  enough  to 
identify  criminals,  claim  researchers. 

Critics  maintain  that  the  technique  will 
never  be  useful  tor  such  investigations,  arguing 
that,  as  with  traditional  polygraph  detectors, 
liars  could  learn  to  tool  the  tests.  And 
researchers  in  the  field  have  previously  admit¬ 
ted  that  the  approach  needs  more  work.  But 
neuroscientists  from  the  University  of  Penn* 
sylvan i a  School  of  Medicine  in  Philadelphia 


cards  and  to  lie  about  having  the  other. 

Langleben  has  previously  warned  that  fMRI 
is  a  research  took  not  a  way  to  spot  liars.  But  the 
latest  research  has  changed  his  tune.  “We  cant 
say  whether  this  person  will  one  day  use  a 
bomb,"  he  says,  “But  we  can  use  tMRl  to  find 
concealed  information.  We  can  ask:  is  X 
involved  in  terrorist  organization  Y?" 

I  he  mam  advance  js  being  able  to  distinguish 
lies  from  truthful  statements  in  a  given  inclivid- 
ual.  Although  previously  scientists  could  see 


“But  we  can  use  fMRI  to  find 
concealed  information.  We  can  ask:  Is 
X  individual  in  terrorist  organization 
Y?” 


Politics  on  the  brain:  An  fMRI  investigation 


SOCI  AL  NEUROSCIENCE,  2006,  1  (1),  25-40 


30  right  handed 
native  English 
speakers  controlled 
for  race  and  gender 
were  shown  faces 
and  names  of  well- 
known  Democrat 
and  Republican 
politicians. 


TABLE  \ 

Condition -response  mappings  in  the  experiment 

Condition 

K£Yj 

KEY  2 

Congruent  condition  for 
Democrat,  participants 

Oft 

Incongment  condition  for 
Republican  participants 

Democrat 

faces 

AND 

Pleasa.nl 

words 

Republican 

faces 

AND 

Unpleasant 

words 

Congruent  condition  (or 
Republican  participants 
OR 

Inoongruent  condition  for 
Democrat  participants 

Republican 

faces 

AND 

Pleasant 

words 

Democrat 

faces 

AND 

Unpleasant 

words 

Control  condition  for  face 
task 

Faces 

Words. 

help  put  a  bit  more  science 
political  science." 
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fMRI  marketing  firm  started  by  Clinton  and  Gore  campaign 
strategists  looked  at  response  of  Democrat  vs.  Republican 
‘brains’  to  emotionally  charged  television  commercials  (Daisy 
commercial  of  LBJ  vs.  9/11  Bush  commercial) 


“Neuromarketing” 
Superbowl  XLI:  fMRI 
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New  Targets  for  Psychosurgery"" 


Lipsman,  Neimat,  and  Lozano.  Neurosurgery 
61(1):  1-1 3  (2007)  reviewed  putative  targets  for 
surgical  treatment  of  OCD  suggested  by  imaging 

-  Volumetric  analysis  suggests  caudate,  OFC  may  be 
altered  in  OCD 

-  Metabolic  studies  (PET,  SPECT)  implicate  OFC, 
cingulate  gyrus  as  well  as  caudate 

-  However,  inconsistent  and  even  conflicting  data  in 
literature  may  be  attributable  to  OCD  subtypes  -> 
imprecise  diagnosis 


BARROW 

Psychosurgery:  Nobel  Prize  to  urulugicdi 

J  \  9  J  Institute 

Public  Disgrace  and  back  again? 

John  Fulton,  Walter  Freeman,  Egas  Moniz 
invents  ‘leukotomy’,  publishes  first  series  of  20 
pts  one  year  later 
-  Moniz  awarded  Nobel  Prize,  1949 

Abuse  of  procedure,  lack  of  controlled 
indications,  and  advent  of  anti-psychotic 
medication  lead  to  abandonment  of 
psychosurgical  procedures 

Failure  of  psychosurgery  caused  ultimately  by 
inadequate  understanding  of  pathophsyiology  of 
psychiatric  disease 
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“...there  are  those  who  work  in  the  field  of 
functional  imaging  of  psychiatric  disorders  who 
caution  against  designing  surgical  interventions 
based  on  their  findings.  However...  it  is  perfectly 
reasonable  that  we  take  the  hypothesis  that 
these  regions  are  not  merely  epiphenomena  but 
rather  critical  nodes  in  a  network  subserving 


OCD.” 


-  AN  Rezai,  MD 

Director,  Center  for  Neurological  Restoration, 
Cleveland  Clinic 


BARROW 


Overview  of  Ethical  Concerns  with-*** 


mil  Elite 


Neuro-Imaging 


1 .  Premature  adoption  of  technology/ 
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Evidence  of  truthfulness  or  deceit: 
imaging  or  ‘fingerprinting’ 
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Ethics 

•  No  Lie  MRI,  Inc.  and  its  franchisees  will 
have  and  live  up  to  the  generally 
accepted  moral  and  ethical  standards  of 
the  communities  in  which  it  tests. 
Solutions  will  be  devloped  in  order  to 
fully  realize  the  beneficial  potential  of 
this  technology  while  minimizing  the 
potentially  harmful  aspects. 

•  Examples  of  Guidelines  For  Testing 

•  Testing  will  only  be  conducted  with  the 
full  consent  of  the  interviewee 

•  Testing  will  only  be  done  on  those 
topics  the  individual  being  tested  agrees 
to  in  advance 

•  Legal 

•  No  Lie  MRI,  Inc.  is  presently  working  to 
have  its  testing  allowed  as  evidence  in 
U.S.  and  State  courts.  Applicable  laws 
depend  on  the  country  and  jurisdiction 
involved. 


http://www.noliemri.com/index.htm 


Truth  >  Repeat  Dlstracter 


Figure  I. 

Group  analysis  (n  =  22)  showing  significant  differences  in  brain  radiological  convention.  Significance  thresholds  for  all  contrasts 

activation  between  Lie,  Truth,  and  Repeat  Distracter  conditions  based  on  spatial  extent  using  a  height  of  z  ^  2  57  and  duster 

Row  |:  Truth  >  Repeat  Discracten  row  2:  Lie  >  Repeat  Dis-  probability  P  ^  0.05,  except  Lie  >  Truth  (blue  scale)  presented  at 

tracter;  row  3:  Lie  >  Truth  [blue  scale)  Truth  >  Lie  (red  scale),  a  z  ^  I  64,  uncorrected,  See  Tables  2-4  for  anatomical 

linages  are  displayed  over  a  Talairach- normalized  template  in  localization 

Daniel  D.  Langleben,*  James  W.  Longhead,  Warren  B.  Bilker, 

Kosha  Ruparel,  Anna  Rose  Childress,  Samantha  L  Busch,  and  Ruben  C.  Gur 


Un  k r rsit\j  of  Pen  nsyk vt  i?  i at  Philadelphia,  Pc  n  1 t sylvar i  in 
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Ought  there  to  be  constitutional  protection  for 
compelled  neuro-imaging  data? 

-  Polygraph 

•  EPPA:  Cannot  be  used  in  civil  hiring  context 

•  Exemption  for  government  employees 

-  IAT  testing:  personality  screening  paper  and  pencil 
tests  are  already  commonly  in  use 

-  Is  there  an  inherent  privacy  right  in  cognitive  data? 

-  4th  and  5th  amendment  protections? 
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‘Brain  fingerprinting’ 

-  the  ‘P300/  MERMER’  event  related  potential 

-  distinguish  subjects  recognition  of  known  vs.  novel 
stimuli 

No  peer  review 

-  has  been  introduced  as  evidence  in  criminal 
proceedings  (Harrington  v.  Iowa) 

Wider  adoption  will  depend  on  particular  rules 
courts  use  to  determine  whether  evidence  is 
sufficiently  ‘scientific’  to  be  admitted  as 
evidence 


BORROW 

Court  Ordered  Treatment:  Sell  v.  IIS 

The  Sell  Test 

1 )  Facing  serious  charges 

2)  Treatment  is  medically  appropriate 

3)  Substantially  unlikely  to  have  side-effects  that  the  might  undermine 
fairness 

4)  No  less  intrusive  alternatives 

5)  Necessary  to  further  important  government  trial-related  interests 

CFR  Sec  549.43  (2002)  involuntary  medication  may  be  given  if 
psychiatrist  determines  it  is  necessary  “in  order  to  attempt  to  make 
the  inmate  competent  for  trial....” 

Question:  What  is  the  role  of  more  invasive  therapies  in  the 
treatment  of  incompetent  persons? 

If  treatment  of  Sell  required  brain  surgery,  would  outcome  of  case  be 
different? 


Conclusions 
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Advances  in  imaging  are  yielding  insights  into 
brain  physiology  that  are  widely  applicable 
beyond  pre-surgical  planning  or  academic  brain 
mapping 

Standards  of  review  for  use  of  such  data  is  high 
for  scientific  and  medical  purposes,  lower  for 
legal  purposes,  and  ?non-existent  for 
commercial  ones 

Awareness  of  potential  un-intended 
consequences  of  neuro-imaging  research  will 
help  prevent  or  curb  abuses 


Challenges  and  Opportunities 
for  MRI  in  Traumatic  Brain 
Injury 
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Imaging  Needs  in  TBI 


■  Basic  Mechanisms  &  Research 

■  Acute  T riage 

■  Disease  Progression 

■  Functional  Assessment 

■  Treatment  Efficacy  Assessment 

■  (functional)  Image  Guided  Therapy 
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Head  Injury  Mechanisms... 


Courtesy  of  Philip  Bayly 
Washington  University  in  St.  Louis 
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CT  vs.  MRI  in  Traumatic  Brain  Injury 
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Shrapnel  is  an  a 
priori  Hazard  in 
High  Field  MRI 
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CT  vs.  MRI  in  Traumatic  Brain  Injury 


■  Acutely,  both  CT  and  MRI  Show  Subarachnoid 
Hematoma  well 

■  CT  findings  tend  to  normalize  subacutely,  but 
remain  visible  on  MRI 


C.  M.  Glastonbury,  and  A.  D.  Gean 

SEMINARS  IN  NEUROSURGERY  14, 2003 
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CT  vs.  MRI  in  Traumatic  Brain  Injury 


■  Intraventricular  Hemorrhage 
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CT  vs.  MRI  in  Traumatic  Brain  Injury 
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CT  vs.  MRI  in  Traumatic  Brain  Injury 
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MRI  in  Traumatic  Brain  Injury 
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Ultra  Low  Field 


MRI  Might 
Supplant  the  Use 
of  CT  in  MRI,  As 
the  Risk  and  Cost 
are  Reduced 


Greatly,  While 
Offering 
Improved 
Sensitivity  and 
Specificity 


Center  for 

Cognitive  Neuroscien^.  10 


Functional  Assessment 
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Epilepsy  and  TBI 


“Studies  suggest  that  about  20  to  25  percent  of 
individuals  with  “closed-head”  brain  injuries  will  go 
on  to  develop  ...  post-traumatic  epilepsy  (PTE). 
The  only  study  that  has  investigated  the  prevalence 
of  PTE  in  the  military,  reported  in  1985,  found  that 
as  many  as  50  percent  of  Vietnam  veterans  who 
had  suffered  penetrating  brain  injuries  during  combat 
developed  seizure  disorders  months  or  years 


Not  another  moment  tost  to  seizures 


EPILEPSY 

FOUNDATION" 


later.” 


http://www.epilepsvfoundation.orq/epilepsvusa 

/tbi-special-report.cfm 
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Summary 


■  Functional  Imaging  May  Provide  Unique 
Opportunities  for  Assessing,  Managing  and 
Intervening  in  Traumatic  Brain  Injury 

■  Dynamic  and  Real-Time  MRI  Will  Aid  in  Better 
Understanding  of  Pathologies 

■  MRI  Offers  Numerous  Advantages  over  CT  in 
Assessment  of  TBI  Sequelae 
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Summary 


■  The  Availability  of  Low-Cost,  High 
Performance,  Low  Field  MRI  Devices  will 
Improve  TBI  Management  Dramatically. 
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